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REGULAR Business MEETING. 

October 7th, 1895. 

President REEs in the chair, ten persons present. 

The minutes of the last meeting (June 3, 1895) were read and 

approved. 

Mr. R. E. Dodge, instructor in Geology in the Teachers’ 

College, was nominated for resident membership, and referred 

to the Council. 

There being no regular business, the Secretary made an in- 

formal report of the recent action by the Council in connection 

with the proposed reception next Spring, and in regard to the 

lecture course. 

The various members of the Academy then gave informal 

reports upon the meeting of the American Association for the 

Advancement of Science at Springfield, Mass., in August, last ; 

and also upon the proceedings of the affiliated scientific socie- 

ties that met at the same time. 

The Academy then adjourned. 
J. F. Kemp, 

Secretary. 

STATED MEETING. 

October 14th, 1895. 

The ACADEMY met with Prorrssor R. S. Woopwarp, Chair- 

man of the Section of Astronomy and Physics in the chair. 

Twenty-two persons present. 
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The Secretary presented verbally the minutes of the preced- 

ing meeting. 

There being no business, the Section of Astronomy and Phy- 

sics immediately organized, and listened to the first paper of 

the evening by Pror. Harotp Jacosy, entitled “ The Reduction 

of Astro-Photographic Plates.” 

This paper was read by title, and was explained as being a 

discussion of the best formule for the reduction of the photo- 

graphic plates selected by the International Committee for the 

Photographic Mapping of all the Heavens. It will be published 

as a bulletin of the Committee at Paris. 

The second paper was read by R. S. Woopwarp: “ Results 

of Experiments on Metallic Spheres Falling in Water.” Prof. 

Woodward, after detailing various attempts to obtain data upon 

the law governing the motion of spheres in liquid, reported 

the results of a preliminary series of experiments, made at Co- 

lumbia College last June. The experiments were performed by 

dropping spheres of steel, silver, aluminum and platinum in a 

tube of water sixteen feet long and one foot in diameter. The 

spheres varied in diameter from one inch to two inches. The 

interesting results of these preliminary tests are that all the 

spheres acquired a constant velocity inside of the first metre. 

Newton’s law that resistance to motion is proportional to the 

square of velocity seemed to be verified. The times of falling 

were determined with a hyppchronoscope. 

More elaborate experiments with the same apparatus will be 

made later. This paper was discussed by Prof. Jacoby and 

others. 

W. Hattock reported upon some Summer work upon 

the action of the vocal chords in voice production, and described 

the photographs taken of the chords while in action, illustrative 

of their operation. 

The Academy then adjourned. 7 
Wo. HALLock, 

Secretary of Section. 
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STATED MEETING. 

October 21st, 1895. 

No quorum being present the members adjourned. 

J. F. Kemp, Secretary. 

STATED MEETING. 

October 28th, 1895. 

The Academy met with Vice-President STEvENson in the 

chair ; twenty persons present. 

The minutes of the last meeting were read and approved. 

The Secretary presented the nomination of James Marsland 

Lawton, Jr., for resident membership. The nomination was re- 

ferred to the Council inthe regular order. 

The Geological Section then organized and listened to the 

following paper : 

GEOLOGICAL NOTES. 

LONG ISLAND AND NANTUCKET. 

By Artuur HOo.mtick. 

This paper was prepared from field notes taken during the 
years 1894—95.in connection with the Summer School of Geology 
of Columbia College. 

Investigations with special objects in view were made during 
this time, which have been the subjects of previous communica- 
tions.* After utilizing such material as was necessary for-these, 
a number of disconnected notes remained, which are here brought 
together. 

Lone ISLAND. 

Marine Cretaceous. The development of our knowledge in re- 
gard to the extension of the Cretaceous formation eastward from 

* Dislocations in Certain Portions of the Atlantic Coastal Plain ‘Strata and Their 
Probable Causes. Trans. N. Y. Acad. Sci. XIV. (Oct. 15th, 1894) 8-20, figs. 1-5. ete. 
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New Jersey has consisted of a series of discoveries, the signifi- 
cance of which could only be appreciated after they were linked 
together. The occurrence of strata belonging to the so-called 
non-marine Cretaceous (Amboy Clay Series of Newberry, Rari- 
tan Formation of Clark, Upper Potomac Formation of Ward) 
on Staten Island, Long Island and Martha’s Vineyard was 
demonstrated some time ago, by the identification of numerous 
fossil leaves characteristic of the horizon, found at these locali- 
fies. 

Evidence of any marine cretaceous, was, however, not so 
abundant, and on Long Island was confined to the alleged dis- 
covery of an Hxogyra, in the moraine at Brooklyn, about sixty 
feet below the surface. 

During the summer and autumn of 1894 lithologic indica- 
tions of marl strata were found on the north shore of Center 
Island at Oyster Bay, but a subsequent visit to the locality 
failed to verify them. 

Shortly afterwards word was received from Prof. D. 8S. Mar- 
tin, of the Brooklyn Institute, that a drift bowlder containing 
cretaceous molluscs, found on Long Island, was in the possession 
of the Institute. This, with all the facts in regard to it, was 
placed at my disposal. The material was found to consist of 
greensand marl, hardened by the oxidation of iron, and con- 
tained poorly preserved remains and casts of Grypheza vesicu- 
laris, Ostrea larva, Cucullea sp.?, Serpula sp.?, ete. It was 
discovered during the excavation of a reservoir inthe upper por- 
tion of the moraine at East New York (now the 26th ward of 
Brooklyn). 

About the same time I was fortunate enough to find ferrugin- 
ous concretions in the moraine at the end of Montauk Point, 
also containing fragmentary molluscs, too imperfect however 
for accurate determination. One specimen is apparently a 
Gryphea and another is a coiled shell resembling a Turritella, 
but further than this no comparison would be advisable. 

Meagre and unsatisfactory as these remains are, they never- 
theless serve to indicate the former existence of marine cre- 
taceous strata where no previous evidence of such had been 
found. Occurring as they do, as morainal material, we must 
necessarily infer that the outcrops from which they were eroded 

existed yet further to the north, and inasmuch as well-defined 

Hollick, Arthur. Trans. N. Y.-Acad. Sei. XT. (1892) 96-104; XIT. (1892) 28-39; XII. 
(1893 5) Se 237; Bull. Torrey Bot. Club, X-XT. (1894) 49-65, ete. 

. White, ries: Am. eee Be XXXIX. (1890) 93-101. 

: Jay, P. and Redfield, C. Minutes N. Y. Lye. Nat. Hist. Dec. 19th, 1842; 
Jan. 9th, as Abstr. Proce. 4th Ee Assn. Am. Geol. and Nat. in Am. Journ. Sei. 
XLV. ( 184: 3) 156. 
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marine cretaceous molluscs have been found at the southeast 
corner of Staten Island,* we should have to picture the former 
northern limit of the marl belt as curving northward so as to in- 
clude the Narrows, thence diagonally across New York Bay 
almost, if not quite, to the East River, and thence into the basin 
of Long Island Sound and around the southeastern coast of 
New England. The evidence of its existence so far to the north 
in the vicinity of New York is somewhat of a surprise, and indi- 
cates that the clay belt here must have been very narrow if not 
entirely absent in places. Taken in connection with what we 
previously knew in regard to the occurrence of marine cre- 
taceous strata eastward we should infer that the clay belt 
widened out in the Sound region and pinched out finally some- 
where around the southeastern New England coast. 

Yellow Gravel.—The extension of the Yellow Gravel forma- 
tion from New Jersey through Staten Island, Long Island and 
eastward has always been a subject of interest to me, aside from 
any attempt to differentiate it into more than one horizon. 
Under this general name I am satisfied that the formation cov- 
ered the entire coastal plain region, including Long Island, 
Martha’s Vineyard and Nantucket, in pre-glacial times. The 
difficulty of identifying it at different parts of this region, and 
of differentiating it from other superficial gravels is often con- 
siderable, especially as it is so frequently involved with the 
gravels of the moraine. This matter was discussed by me in 
connection with explorations made on the north shore of Long 
Island,} where the characteristic silicified calcareous pebbles, 
containing palzozoic fossils, were found as far east as Lloyd’s 
Neck. Subsequently I explored the gravels of the plain region, 
south of the moraine, with the result that similar fossils were 
found in abundance as far east as Mineola—probably as abund- 
antly as in northern New Jersey. Continuing eastward they 
became more and more rare; the last finds being made in the 
vicinity of Brentwood. At Lake Ronkonkoma I failed to find 
any, and from thence further east the gravel was entirely 
quartzose and granitic, although manifestly representing the 
same formation. 

Distribution of Cretaceous material in the moraine.—In the 
paper last quoted, attention was called to the well-known fact 
that there are two branches to the moraine on Long Island from 
Port Jefferson eastward. The northern or more recent one, 

* The Paleontology of the Cretaceous Formation on Staten Island. Trans. N. Y. 
Acad. Sci. XI. (1892), 96-104. 

+Some Further Notes on the Geology of the North Shore of Long Island. Trans. 
N. Y. Acad. Sci., XIIL. (1894), 122-129. 
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forms Orient Point, the southern or older one, Montauk Point. 
In the exploration of the northern branch I stated that I had 
failed to find the characteristic ferruginous concretions and 
sandstones, which are such prominent features in the moraine 
towards the western end of the Island, and which are of creta- 
ceous origin. In explanation I ventured the conclusion that 
these must have been all carried forward in the first advance of 
the ice and should therefore be found in the Montauk Point 
branch. With this object in view a special trip was made and 
the region between Easthampton and Montauk Point was 
thoroughly examined. 

At almost every exposure the characteristic material was 
found in greater or less abundance. Indications of fossils were 
rare however, and it was only at the extreme end of the Point 
that any were discovered. These consist of the molluscs already 
mentioned and of fragmentary plant remains. Amongst these lat- 
ter is a specimen of T'ricalycites papyraceus Newb., a species 
originally described from the cretaceous clays of Amboy, N. J., 
and also found on Lloyd’s Neck. ‘The verification of the con- 
clusions previously arrived at was, therefore, highly satisfactory. 

NANTUCKET. 

General remarks.—The geology of this island has been so 
thoroughly described by Prof. N. 8S. Shaler* that any extended 
account on my part would be superfluous. It has been some- 
what irreverently referred to by popular writers as “a sand heap 
in the Atlantic Ocean, bounded on the north by Cape Cod, on 
the east by Spain, on the south by the West Indies and on the 
west by Martha’s Vineyard and Long Island.” Asa matter of 
fact it is an exceedingly isolated piece of land, when compared 
with any other portion of the eastern United States, being 
about twenty miles distant from Cape Cod, ten from Martha’s 
Vineyard and seventy-five from Long Island. It is composed 
entirely of morainal débris, except for the broad beaches and 
long sand spits, which have been accumulated in more recent 
times. In shape it is rudely crescentic or somewhat resembling 
a bill hook. The greatest length—from Siasconsett to Tucker- 
nuck Island—is about ten miles, and if the long, narrow sand 
spit known as Coatue Beach is disregarded, the average width 
at right angles to the greatest length is about two miles. The 
actual area is probably about eleven square miles. 

The interest which especially attaches to the island is due to 
the fact that it occupies the extreme southeastern limit of glacial 

* The Geology of Nantucket. Bull. no. 53, U. S. Geol. Survey. 
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action in North America, thus presenting certain features not 
found elsewhere. 

Character of the morainal material—To the student of gla- 
cial phenomena one of the most interesting features is the 
changes to be observed in the character of the morainal material 
in passing from place to place in an east or west direction. Thus 
on Staten Island it is largely of Triassic origin, but with De- 
vonian and Silurian erratics and some crystallines. On Long 
Island the crystalline rocks of New York and New England are 
the predominent features, with cretaceous clays and an occa- 
sional trail of Triassic sandstone from some limited area, while 
palzozoic rocks are rare. On Martha’s Vineyard clays, marls 
and sands of Cretaceous and Tertiary age, and New England 
erystallines, are practically all that are to be found. On Nan- 
tucket, in addition to quartzites and granites, we meet for the 
first time the igneous felsites and porphyries from eastern New 
England and occasional remains of Carboniferous rocks, pre- 
sumably from the Rhode Island area. 

In general structure the hills are strikingly like those of Long 
Island from Port Jefferson to Orient Point, that is to say the 
material of which they are composed is water worn, gravelly 
and sandy, with but little till and clay, the latter usually repre- 
senting limi! | local deposits, although the indications are tha 
near to and elow sea level clay strata of considerable extent 
occur, upon which the sand and gravel deposits rest. 

The only sections recently exposed and not previously de- 
scribed are to be seen along the cuts made for a new railroad 
across the hills from Nantucket City to Siasconsett. One of 
these cuts, about a mile from Nantucket City, at an elevation of 

sixty feet, is eight feet indepth. Here I found a lenticular mass 
of bluish-brown clay extending laterally for a distance of about 
one hundred and fifty feet, about three feet thick at the widest 
part, thinning out into a broken seam at each end and contain- 
ing numerous small pebbles. It was underlain by stratified 
gravel and sand and overlain by unstratified surface sand. In 
other cuts visited nothing of importance was noted. The ex- 
posures were mostly of stratified sand and gravel with little or 
no clay or till and few bowlders. 

Palzontology. The bluff which faces the ocean at Sankaty 
(spelled also Sankoty and Sancoti) Head is the locality which 
has received the largest share of attention from geologists, 
partly for the reason that the summit of the bluff is about 
eighty feet above tide level, the face affording the best exposure 
for studying the geological structure to be found anywhere on 
the island, and partly because fossiliferous beds of Post-Pliocene 
age occur there. 
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These latter were made the subject of a communication by 
Messrs. E. Desor and E. C. Cabot as iar back as 1849,* and an 
abstract of the same by Mr. A. 8. Packard appeared in 1866,+ 
while in 1875 a more extended account was published by Messrs. 
S. H. Scudder and A. E. Verrill.{ In this latter paper more 
than fifty molluses, besides several bryozoons, crustaceans and 
echinoderms, are enumerated as having been found there. It is 
evident that there must have been a far better exposure of the 
strata when these accounts were written than exists at the pres- 
ent time. Thus the section as described by Desor and Cabot 
consisted of a bed of brown clay at the base, about twenty feet 
in thickness, over which were some sixty- five feet of stratified 
sands and gravels with peat and dune sand on the surface. 
Scudder also gives the same general description of the section, 
while in Shaler’s report he notes the changes which have taken 
place in recent years, the formation of a wide beach and the 
masking of the base by a talus upon which a considerable 
growth “of vegetation has taken hold, resulting in the complete 
obliteration of all trace of the clay. 

At the time of my visit I searched for a long time before I 
could find any indications of a shell bed, but finally discovered 
an exposure about a quarter of a mile south of Sankaty Head 
lighthouse. It was so mixed up in the talus that its limits, es- 
pecially in the lower part, were impossible to define, but I 
judged that the upper limit was about twenty feet above high 
water level and extended laterally only for a distance of some 
fifteen feet. The deposit had more the appearance of a pocket 
than a layer. Two hundred and sixty-one specimens, good, 
bad and indifferent, were collected, of which two hundred and 
five are Ostrea, Arca (Scapharca), Serpula and Venus, and of 
these a much larger number could have been gathered. 

Following is a “complete list, for verifications in which I am 
indebted to Professor R. P. Whitfield, of the American Museum 
of Natural History 

Mo.Luusca. 

Buccinum undatum Linné. (Fragmentary.) 

Ilyanassa obsoleta (Say.) Stimp. 

Crepidula sp? (Fragmentary. ) 

* On the Tertiary and more recent deposits in the Island of Nantucket. Quart. Journ. 
Geol. Soc., London, V. (1849) Proc. p. 340; also referred to in Proc. Boston Soe. Nat. 
Hist., II. (1848) 79, and Am. Journ. Sei., XIV. (1852), 51. 

+ Mem. Boston Soc. Nat. Hist. I. (1866), 252. 

t On the Post-Pliocene fossils of Sankoty Head, Nantucket Island; by A. E. Verrill; 
with a Note on the geology; by S. H. Scudder, Am. Journ. Sci., X. (1875), 364-375. 
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Crucibulum striatum (Say.) H. & A. Ad. 

Panopea sp? (Fragmentary.) 

Mesodesma Jauresi Joan. 

Venus mercenaria Linné. 

Venericardia borealis (Conr.) Carp. 

Astarte undata Gould. 

Arca (Scapharca) transversa Ad. 

Modiola sp? (Fragmentary.) 

Ostrea Virginiana (Lister.) Fav. 

CRrusTACEA. ANNELIDA. BrYOZOA. PORIFERA. 

Balanus eburneus Gould. 

Balanus porcatus Costa. (Separate pieces only.) 

Serpula (Hydroides) dianthus Ver. (Many specimens 

covered with a bryozodn—Lscharina Isabelliana 

D’ Orb?) 

Cliona sulphurea (Desor.) Ver. (Represented by bor- 

ings, especially in the shells of Ostrea and Arca. 

{xcept in the case of Panopxa and Mesodesma this list adds 
nothing new to the previously published fauna of the shell bed, 
but continuous records of collections from the locality are of 
value and doubtless occasional new species will turn up when- 
ever the material in the bed is carefully examined. 

The most interesting and unexpected find was a fragment of 
silicified wood in the talus near the foot of the bluff, about a 
quarter of a mile east of the lighthouse. A superficial exami- 
nation in the field led me to think that it must be a piece of 
palm wood. Subsequently sections were prepared for micro- 
scopic examination, but the tissues were found to be too im- 
perfectly preserved for specific determination. They were sub- 
mitted to Dr. C. C. Curtis, of Columbia College, and to Dr. F. 
H. Knowlton, of the United States Geological Survey. Dr. 
Curtis recognized the endogenous structure, without, however, 
deciding it to be palm wood. Dr. Knowlton considered it un- 
doubtedly to represent a palm. I was unable to satisfy myself 
that it was either the same as or different from certain species 
of Palmoxylon * previously described. The only ones reported 
from the Eastern United States, however, were found in the 

* Palmoxylon Schenk, Engl. Bot. Jahrb. III. (1882) 486. A generic term used to 
designate fossil palm wood. 
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Pliocene(?) of Rapides Parish Louisiana.* These specimens 
also are described as being completely silicified and they ap- 
parently represent the same or nearly the same geological hori- 
zon as that at Sankaty Head. The age of our specimen is 
doubtless older than the Post-Pliocene sands in which it was 
found, however, and probably represents material which was 
eroded from Tertiary strata formerly existing at some point on 
or near to the present eastern coast of Massachusetts. 

This conclusion seems to be a reasonable one so far as the 
geological age is concerned, as palms have not been definitely 
recognized below upper Cretaceous strata, and the only indica- 
tion which we have of any palm representing the Cretaceous in 
eastern North America is the problematic one which I have 
called Serenopsis from Glen Cove, Long Island.+ 

This is of significance when taken in connection with the sup- 
posed existence of marine cretaceous strata at Marshfield, 
Mass.,{ in which case the Tertiary strata, had they been present, 
would have normally occupied an area yet further to the east- 
ward. It is of further significance as an indication of the prob- 
able direction of glacial movement in the region under consid- 
eration, and is confirmatory of Prof. Shaler’s idea that nearly 
all the glacial waste of Nantucket was derived from a region 
east of “a meridional ine lying at least ten miles east of Bos- 
ton.’’§ 

Norr.—Since writing the above I have received the following 
paper from Dr. F. J. H. Merrill of the New York State Museum, 
with request that it be published in full: 

POST-PLIOCENE DEPOSITS OF SANKATY HEAD.| 

By FrReEeprErick J. H. MERRILL. 

The geology of Nantucket is quite similar to that of Long 
Island, as it consists largely of stratified sands and gravels of 

* Description of two species of Palmoxylon—one new—from Louisiana, F. H. 
Knowlton, Proc. U. 8. Nat. Mus. XI. (1888); 89-91, Pl. XXX. 

+1. Bull. Torrey Bot. Club, XX. (1893) 168, 169, pl. CXLIX. 
Dati Or OOS OBO tpl. 8G Lanxevils 

t1. Hitchcock, Edward. Am. Journ. Sci. XXII. (1832), 1-70. 
2. Shaler, N.S. Bull. Geol. Soc. Am. I. (1890), 443-452, 

2The Geology of Nantucket, 7. ¢., p. 27. 

| The Editor of the Transactions has received this paper with the statement that it 
is the same one that was read October 25, 1886, under title ‘‘ Notes on the Geology of 
Block Island and Nantucket.’’ On p. 35 of Vol. VI. of the Transactions it is recorded as 
printed in the Annals, Vol. I[V. This is erroneous, as it has not previously been sent in 
for publication. It is inserted at this point by order of the Council. 
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the Post-Pliocene series, probably underlaid by clay and over- 
laid in many places unconformably by the surface drift. 

The range of hills which marks the extreme southern limit of 
the drift is quite irregular, like that on Long Island, and aver- 
ages about 90 ft. in height, likewise partly formed by the up- 
heaval of stratified beds in folds parallel to the front of the ice 
sheet, which in this region had a direction a little south of east. 
Sankaty Head, the most easterly point of the range, has an alti- 
tude of about 105 ft., being the highest point on the island. It 
derives its geological importance from the section there exposed 
and.the beds of Post-Pliocene fossils occurring near the foot of 
the bluff. 

The locality was visited in 1849 by Cabot and Desor, who in 
a short article on the subject made some stratigraphical gen- 
eralizations which were entirely imaginary. In 1875 it was 
visited by a party of the U. 8. Fish Commission consisting of 
Prof. A. Hyatt, Mr. Sanderson Smith, Mr. C. H. Merriam and 
others, who made a collection of the fossils. Afterwards Mr. 
S. H. Scudder, of Cambridge, Mass., had an excavation made 
into the cliff, and Mr. Richard Rathbun made a collection of 
fossils. As the result of these researches we have the article 
published in the American Journal of Science, Vol. X., 3d 
Series. by Prof. A. Verrill. As my own observations differ 
somewhat from those of Mr. Scudder, I shall give them in de- 
tail, afterward comparing my conclusions with those of the in- 
vestigator in question. 

At a point about three hundred yards south of the lighthouse, 
which is near the summit of the eminence the following section 
is exposed : 

Peotinecdark-Orittedusands oo Shs 8 se 2). oss hee 3 ft. 
2. Yellow sandy drift ferruginous at the bottom 

ang concaming pebbles coc. occ aces wes cee eres a 
3. Coarse gray stratified sand with particles of 

PCT TIES Bic OPN os RRO ORR TEER Re 40 * 
4. Fine white clayey sand with ferruginous streaks 

and very minute particles of greensand............ 10 “ 
Be EE IMETUGIOC Mc rrsicvets vwiefe cess ¢ hielo rem in’s 9 sie seis = « kes 
GeeUinper Smell Weds. voces e ts a.< 6 mare sirit ane te = 8 in. 
1. Clayey ferruginous sand ..........-..seseeees 4“ 
Breau EU CRESINON ocy ar atch eis lays Shs ee 9 ie foln) oats oan e wyele 2 Ras a 
OPO Wem SMEN DEM. csinct sro + oioce oo oes 2/5 216510 #010 Dh 

10. Red sand with fragments of blue clay ........ | i 
11. White sand of varying quality and size....... 4 f* 

Concealed by turf and beach sand............ 24 ‘ 
PG Galera oe eel agen 90 ft. 
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Below stratum. 11, I was unable to examine the stratification 
on account of the tough grass which had overgrown the bottom 
of the cliff and resisted the means of excavation which I had at 
hand. Underneath the white sand, according to Mr. Scudder, 
there is about 4 ft. of coarse gravel and sand which in turn is 
underlaid by a brown sandy clay extending downward to the 
sea level. The lower shell bed is composed of reddish clayey 
sand like that the Gardiners’ I., and contains chiefly Venus mer- 
cenaria and Ostrea Virginiana, the latter being especially abun- 
dant. Angular pebbles of 14 in. or less diameter are numerous. 
The shells of Mya, Venus and Ostrea lie in all positions, the 
valves being often separated. The following is a list of species 
collected by the writer : 

MOLLUSCA. 

. Ilyanassa obsoleta Stm. 
Crepidula fornicata Lam. 

i plana Say. 
convexa Say. 

Odostomia trifida Gould. 
Turbonilla interrupta Ad. 
Mya arenaria Linn. 
Ensatella Americana Ver. 
Cumingia tellinoides Con. 
Venus mercenaria Linn. 
Scapharea transversa Ad. 
Modiola hamatus Ver. 

B. Ostrea Virginiana Lister. 

bd od bd 
73 

WH 

Nore.—B indicates that the species has also been found in the 
upper bed by Prof. Verrill or the writer. 

Many of the oyster shells were honeycombed by the borings 
of Cliona sulphurea Ver. 

The Serpula bed at the bottom consists of detached masses 
of Serpula dianthus Ver. closely packed together and intermixed 
with yellow sand and some clayey matter, while at the top the 
calcareous tubes are very much comminuted. Much of the 
Serpula is overgrown with the Polyzoan, Hippothoa variabilis 
Ver. According to Mr. Scudder, who superintended the exca- 
vations made in 1875 the bed in question was ‘almost wholly 
devoid of other fossils,” but at the point where I examined it I 
found an abundance of shells of various species, viz.: 

1. Ilyanassa obsoleta Stm. 
2. Fusus searlariformis Stm. 
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3. Urosalpinx cinerea Stm. 
4. Odostomia trifida Gould. 
5. Turbonilla interrupta Ad. 
6. Crepidula fornicata Lam. 
€ x convexa Say. 
8. Ensatella Americana Ver. 
9. Venus mercenaria Linn. 

10. Scapharca transversa Ad. 
11. Modiola hamatus Ver. 
12. Cumingia tellinoides Con. 
13. Astarte castanea Say. 
14, ‘¢  quadrans Gould. 

crustacea, etc. 
P Balanus eburneus Gould. 

Panopeus? Claws. 

Over the Serpula bed is a layer of compact clayey sand con- 
taining Ostrea Virginiana and small specimens of Arca pexata. 
The upper shell bed consists of coarse beach sand with pebbles, 
slightly intermixed with clayey matter, and afforded the follow- 
ing shells: 

Ilyanassa obsoleta Stm. 
Crucibulum striatum Ad. 
Crepidula fornicata Lam. 
Ceronia arctata Ad. 
Venus mercenaria Linn., very abundant. 
Cyclocardia Novangliz Morse. 
Scapharca transversa Ad. 
Astarte undata Gould. 

“¢ _castanea Say. 
Ostrea Virginiana Lister. 

The uppermost fossiliferous stratum which I have called the 
fragment bed, but which Mr. Scudder has included with the 
upper shell bed, consists of white quartz sand and pebbles with 
a great abundance of comminuted shells. It contains a small 
proportion of clayey matter but differs very much from the 
upper shell bed, both by the condition of the fossils and by 
the entire absence of any ferruginous matter. In this layer I 
found the following species: 

. Ilyanassa obsoleta. Stm. 

. Lunatia heros Ad. 
. Skenea planorbis. 
. Margarita obscura Gould, fragments. 
. Rissoa aculea. Stm. a me CO bo ee 
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6. Cecum pulchellum. Stm. 
7. Mactra solidissima. Chem. 
8. Cyclocardia Novangliz. Morse. 
9. Modiola modiolus. Turton. 

10. Astarte quadrans. Gould. 
J1. Balanus porcatus, very numerous fragments. 

On the surface of the bank, in addition to species already 
enumerated, I collected two specimens of Crenella glandula Ad. 
As this shell is mentioned by Prof. Verrill as occurring in the 
lower bed, it is probable that the specimens in question be- 
longed to that stratum. 

Layers 3 and 4 are homologous with the stratified sand which 
forms the bluffs of the east and north shores and probably com- 
poses the whole island. The greensand is probably a con- 
stituent of the whole deposit, as it occurs everywhere in the 
bluffs within two miles of Sankaty Head and also at the town of 
Nantucket. 

In Macy’s History of Nantucket it is stated that shells have 
frequently been found in digging wells on the island. Prof. 
Verrill in discussing the probable origin of these beds states 
that the character of the fossils indicate a reduction in the tem- 
perature of the water of about 15° between the deposition of the 
lower and upper beds. He assumes that the lower and Serpula 
beds were formed in some shallow bay protected from the outer 
waters by a terrestrial barrier which was eventually removed 
and the cold outer waters flowing in, the Atlantic surf filled the 
bay with beach sand and broken shells. 

From my own study of the deposit in question, I am inclined 
to differ with Prof. Verrill to some extent, and I do so with less 
reluctance inasmuch as he has not examined the locality him- 
self. 

The appearance and character of the different beds give strong 
indications that they are largely composed of transported ma- 
terial, and are the work, to a certain extent, of swift currents. 

The sand of the lower shell bed is clayey and ferruginous, and 
contains pebbles ranging up to 1} inches in diameter. The shells, 
moreover, of Ostrea, Venus and Mya lie in all positions, the 
valves being often separated. This state of affairs is difficult to 
reconcile with Prof. Verrill’s generalization. If the clayey fer- 
ruginous sand were the bottom ofa sheltered bay, we have no 

means of accounting for the pebbles or the condition of the 
shells. If, on the other hand, it were a deposit subject to the 
action of waves, the clayey matter would have been washed from 
the sand. Apparently the conditions were such that the peb- 
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bles, sand and clay were transported with the shells and de- 
posited in their present resting place. 

The serpula bed also presents some marked characteristics, 
the first of which is that all the tubes are free and completely 
separated from any attachment they may have had previous to 
their deposition. It cannot be advanced that they may never 
have been attached, for the habit of the Serpula is well known. 
The surface of the bed moreover consists of a layer of pulverized 
Serpuja such as might be produced by the action of waves in 
shallow water, were not the intermixture of clayey sand with the 
Serpula conclusive evidence that no such action took place at 
this point while the deposit was being formed. Moreover there 
occur in the bed angular fragments of rock, such as are only 
produced by glacial action. If to account for these we 
assume that they have been dropped from floating ice at this 
point, we should expect to find an appreciable quantity of drift 
mingled with the Serpula, but we do not,as the small amount of 
clayey matter intimately mingled with the tubes could not have 
been introduced in this way. We must therefore conclude that 
this is also transported material from deposits formed, perhaps, 
only a short time previous. The shells of Venus mercenaria, 
moreover, appear to have been subjected to considerable friction 
from their smooth convex surface. 

In the upper shell bed we have again a repetition of this evi- 
dence. Mr. Rathbun’s observations, however, are not cor- 

roborated by the section exposed at the time of my visit. He 
states that the upper bed consists chiefly of broken shells with- 
out any ferruginous matter. While this is true of the fragment 
bed it does not apply to the fossiliferous stratum immediately 
overlying the Serpula bed, which is quite similar to the lower 
shell bed, but differs in its fossils, as already stated. 

The fragment bed, which crowns the shell-bearing strata, 
offers a striking resemblance to unsolidified coquina, as Mr. 
Scudder has very justly remarked. It, however, differs from it 
in the fact that it contains much fine clayey matter, and hence, 
as a whole, cannot have been the immediate result of surf action. 

The assumption that these beds consist chiefly of transported 
material is supported by the fact of the occurrence of giauconite 
in the stratified sands above and below the shell beds. This is 
well known to be a deep-water deposit and to occur out of reach 
of the land wash. Its presence in the deposits under consider- 
ation must, therefore, be due to the erosion of older beds and 
the mingling of their débris with fine sand which was brought 
to this region and deposited by currents probably originating 
from the first melting of the ice sheet. Again, at a point a few 
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hundred yards north of the lighthouse, the upper stratified sands 
contain minute fragments of shells here also, showing the work 
of a transporting agency. 

In conclusion, therefore, we may infer that the stratified beds 
which mainly compose Nantucket are formed of the débris of 
older beds possibly mingled with the worked-over drift of the 
early Quaternary. We may also infer that Prof. Verrill’s de- 
ductions from the characteristics of the fossils enumerated, al- 

though they may be true of the original deposits, cannot be 
accepted as holding good for the beds as they occur at Sankaty 
Head. 

NOTES ON THE GEOLOGY OF BLOCK ISLAND. 

By Freperick J. H. MERRILL. 

This island, which is about 15 miles northeast of Montauk 
Point,is the eastward continuation of the deposits which occur 
on Long Island and forms a link in the broken chain of hills 
which marks the former southern extension of the continental 
glacier along the coast of New England. It is nine miles long 
and five miles broad in the widest part, and is noticeable from a 
distance on account of its high elevation, a large portion of the 
island being about 125 feet above the sea, Beacon Hill, the 
highest point, having an altitude of 210 feet. As at Gardiner’s 
I., and elsewhere, the stratified beds are upheaved in parallel 
folds which trend from east to west and the general surface con- 
forms to these elevations, but the undulating surface of Mon- 
tauk Point is here presented on a larger scale, the minor inequali- 
ties of the surface bearing no visible relation to the disturbance 
of the underlying strata. 

As shown by the map, the island is divided into two principal 
areas of elevation by Great or Salt Pond, which contains about 
1000 acres and is somewhat more than seventy feet deep. This 
body of water was formerly a bay connected with the ocean on 
the northwest, but at present it is separated from the sea on 
either side by low and narrow necks of sand, beach and salt 
marsh. The northern area of elevation presents on the east an 
extensive section in the bluffs near Clay Head, which extend for 
a mile and one-half from north to south and have a maximum 
altitude of about one hundred feet. The formation here con- 
sists of stratified sand, gravel and dark lignitic clay raised up 
in anticlinals of 15° to 20° slope and overlaid bya thin stratum 
of surface drift or till. The lignitic clay which occurs through- 
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out the island, evidently consists of transported material, from 
its heterogeneous composition, lignite sand, clay and pebbles be- 
ing in places mingled together. The following section taken 
about a quarter of a mile south of Clay Head will show the 
general character of the formation : 

Surface loam and drift.......... BA cided ee eee D ft. 
HSI AC UNA Nea ac tA ceia's aqet Sid teSecs acoanaes een eRtetioRes eo hatte. 3 (ous 
SSPMR GUI * SATU, 282 het yeh aes ol sl va eR Oe ee serbiee’t 
Wopblezstone: bed 48%. 2 woes 225% Pee see ee: Sn Aye © 
Stratified bluish clay and sand.....:......5....-. Pit) teed Wp 
HereueinOuscsaAnastOne, SOLbe .0...), «<target ania me 5 a 
Eats T SIE! SMI ice) shad)stes Se Syehieae sx xad SWS. Sr oeed Back aie ee 4 
Pee eamiyel ayia ssid la iecarscs che ols aeahatelas Sheets ote : te. LORS 

Mom Ges WeaCh a a since oes dl Pee it ey 

At this point the three lowest beds are disturbed and faulted 
as shown in the following sketch. 

Rng ale 

This formation shows that there were two advances of the ice 
sheet during the deposition of these strata, the first producing 
the disturbance shown in the lower part of the section when 
only those beds had been formed and the second producing the 
low but extensive anticlinal, in the north slope of which this 
point is situated. 

Half a mile south, stratified sand, kaolin and white clay rise 
up through the lowest strata in an abrupt fold, the top of which 
has a curve of about thirty feet radius. This deposit in char- 

TRANSACTIONS N. Y. ACAD. Scl., Vol. XY., Sig. 2, January 13, 1896. 
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acter and position is entirely analogous to that at Glen 
Cove, L. I. 

South of Great Pond is the larger and more elevated portion 
of the island. It is quite similar in structure and material to 
the northern part, already described. The lignitic clay, however, 
forms a more important feature in the formation and in the 
bluffs at the southeastern extremity attains its greatest develop- 
ment. From the breakwater southward and westward very ex- 
tensive sections are displayed. Here again the stratified beds 
are upheaved, the’ axes of the folds having the same northeast- 
erly trend. About 200 yards south of the breakwater the banks 
are about 30 feet high and consist of surface drift, finely lami- 
nated sand and lignitic clay. The latter varies from four to six 
feet in thickness and in many places is mingled with sand. The 
lignite is in quite small pieces and has nodules of pyrites asso- 
ciated with it. A section taken about one-fourth mile east of 
the south light was as follows: 

Dark sandy-clay with pebbles... 0.00... 2. sas eee 10 ft. 
Pinesoray sand. lata ce tee see eee ee 2 
Dark clay with pebbles and thin layers of sand....... Loves 
Mereucimous: Sandls-. in elo cele ale os satiate oat Sn 
Dark iblue-sand ‘Clay... c)Atne feo. se. co eS) oe ia en Leva 
Pine compaciz yellowish sand so) 0.4.1. v.42 cece eee ES 
Dark prmepbastic clays. ).). cic. aie ated a teed ale Siete Levins 
Yellow stratified gravel with cobble stones........... 20<% 

Wo. Che beg cli ye es sya eicstve <teparerareral essa 4) olab ie a ye 5QL & 

At the south light house the cliffs are about 152 feet high and 
consist chiefly of dark stratified sandy clay, sand and gravel, 
which have been eroded into deep gullies separated by project- 
ing ridges and pinnacles which present a most picturesque 
aspect. 

West of the lighthouse the dark clays become less promi- - 
nent and the cliffs are chiefly composed of stratified sand and 
gravel. ‘The surface drift of the island nowhere attains any 
great thickness but contains many large boulders. 

A study of these deposits reveals the fact that Block Island 
consists of Post-pliocene stratified beds underlaid by white 
clays and sands which may be of Cretaceous age. These strata 
at intervals during the deposition of the former have been sub- 
jected to glacial action which has folded and contorted them, 
and finally in the Champlain period the ice has dropped upon 
their surface whatever boulders or débris were imbedded in its 
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mass. The lignitic clay is evidently composed of transported 
material from some Cretaceous or Tertiary bed to the northward. 

Mr. Hollick’s paper was discussed by Prof. W. M. Davis. 
The second paper of the evening was the following : 

AN ACCOUNT OF THE SUMMER’S WORK IN GEOL- 

OGY ON LAKE CHAMPLAIN. 

By GILBERT VAN INGEN AND THEODORE G. WHITE. 

During four weeks of June and July, 1895, the writers were 
engaged in an examination of the Ordovician rocks of the 
Champlain Valley. A few localities on the western side of Lake 
Champlain had already been examined by persons connected 
with the Department of Geology of Columbia College. These 
localities, four in number, namely Port Henry, Westport, Essex 
and Willsboro’ were not again visited this year. During the 
trip all the important localities on both sides of the lake were 
examined, with the exception of those noted above. 

The object of the work was the accumulation of maleeale 
primarily, for Mr. White’s doctorate thesis on the Trenton 
faunas of the Lake Champlain region, and, secondly, for a study 
of the lower Ordovician faunas of the same region by. Mr. van 
Ingen. 

The system employed in recording field notes was that de- 

veloped by Prof. Henry S. Williams. during his study of the 
Devonian formations of central New York. The town which is 
the temporary headquarters for field work of the vicinity is as- 
signed a definite number as 108—Chazy, Clinton County. Dur- 

ing the progress of the work in that vicinity every exposure or 
continuous section is assigned a letter of the alphabet, whether 
the section be along a shore, in the bed of a stream, a railroad 
cutting or a quarry. The geologically lowest layer in that sec- 
tion is sought and numbered 1; each superadjacent layer be- 
ing numbered in series. The only field label then required with 
the collection from each layer is a small piece of paper with, 
e. g., the symbol 108, F.16. Reference to the field notes shows 
this layer to be a heavy black limestone, with conchoidal 
fracture, containing Maclurea in its upper portion, exposed in 
the bed of Little Chazy River at Chazy, Clinton County, N. Y. 

At every locality the sections were carefully examined, each 
separate layer carefully measured, and as many fossils obtained 
from it as was possible without too great an expenditure of time. 
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The collections sent in amount to 4500 pounds, which amount is 
about equally divided between the Upper and Lower Ordovi- 
cian. 

The first stop was made at Larrabee Point, Vt., at the south- 
ern end of the lake proper, at which point was found the best 
Trenton section seen along the lake. The rocks are exposed in 
a quarry and along the shore, dipping slightly to the north and 
northwest. The Black River limestone is well seen in the 
quarry near the sawmill south of the Lake House. At the top 
of the quarry are beds of impure shaly limestone containing a 
great abundance of Parastrophia hemiplicata, Hall. This 
brachiopod ranges through about six feet of strata and serves 
to mark this particular horizon all along the lake. It also 
serves as a means of recognizing the transition from the Black 
River limestone to the overlying Trenton limestone. These 
Parastrophia shales are exposed also on the shore, where they 
are overlaid by thin layers of the Trenton limestone. This 
limestone then extends along the shore in a northerly direction 
past the Lake House until it finally runs under the water, and 
is followed further north by the Utica shale; the transition be- 
tween the two not being visible. 

Shoreham, six miles east of Larrabee Point, was visited in 
hopes of finding deeper water sediments and consequent changes 
in the faunz. Fine black shales seemed to be more abundant, 
but the rocks have undergone a considerable amount of meta- 
morphism,and slaty cleavage has destroyed all but mere traces 
of fossils. 

Ticonderoga, on the western shore of the lake, is surrounded 
by Calciferous rocks containing few fossils. Toward Crown 
Point, however, the Lower and Middle Chazy begin to come in, 

and some fossils may be obtained. On Crown Point, in the 
vicinity of Wilkerson’s Ferry, were obtained fine specimens of 
Maclurea magna, in many of which the test remains intact, 
having separated freely from the matrix. 

Fort Cassin was reached from Vergennes, Vt. At the former 
place a good collection of trilobites was obtained from siliceous 
limestone beds (ying between the famous Fort Cassin and the 
Calaurops beds of Whitfield. 

At Burlington a day was spent in examining the collections 
at the University of Vermont, through the courtesy of Prof. G. 
H. Perkins, and in visiting the red sandrock quarries south of 
the city. In these quarries there is an interesting trap dike de- 
scribed by J. F. Kemp in the paper on “ The Trap Dikes of the 
Lake Champlain Region.” Since Prof. Kemp’s visit a consider- 
able amount of rock has been removed from the quarry face, 
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affording a section of the dike several feet east of that figured 
by Kemp. The fissure appears to have split so that now we see 
a double dike made up in section of two wedges, the lower of 
which is inverted. 

Port Kent and Ausable Chasm were next visited. Back of 
Port Kent is an extensive plateau made up of thick deposits of 
sand and gravel. Underlying this terrace formation is the 
Potsdam sandstone. This is in layers varying in thickness 
from one to several feet, lying nearly horizontal It isa hard, 
compact quartzite, well resisting weathering except along the 
deposition planes. It is everywhere much traversed by vertical 
joint planes. Thus the loose bedding and the vertical jointing 
enable the stream to easily undermine the high banks. The 
larger part of the erosion is probably of this kind; there being 
apparently a small amount of abrasion. A few faults cross the 
chasm causing deep fissures in the opposite walls. The stream 
seems often to follow the line of a fault and then to turn abruptly 
aside, following the course of one of the joint systems. 

At Plattsburgh the writers were joined by Professor H. P. 
Cushing, of Cleveland, Ohio, who very kindly devoted several 
days to pointing out the best localities in the vicinity of Platts- 
burgh and Chazy. At Bluff Point and along the shore south of 
Plattsburgh good sections of the Chazy rocks were examined 
and good collections of fossils obtained. Of special interest is 
the discovery of Foraminiferal shells in microsections of Cal- 
ciferous limestone from south of Plattsburgh. The minute shells 
resemble somewhat in general shape those of the genus Lima- 
cina among the Pteropods. Crab Island, off Bluff Point, is an 
excellent collecting ground for Trenton fossils. The island has 
probably received its name from the numerous specimens of 
trilobites of the genus Asaphus which may be found in the loose 
blocks on the shore, which fossils are generally believed to be 
crabs by the natives. 
Beekmantown, four miles north of Plattsburgh, is where the 

beautiful specimens of Ophileta complanata were collected by 
Prof. Seely, and which were described by Prof. Whitfield in 
Bull. Amer. Mus. Nat. Hist. II., 48; Pl. vir. These gastropod 
shells occur in vast numbers in a calcareous sandstone that out- 
crops in a low ledge one hundred feet wide, extending for some 
distance through the fields. 

Cumberland Head, a few miles northeast of Plattsburgh, fur- 
nishes many outcrops of a black, shaly limestone. It contains 
a trilobitic fauna not found at any other point along the lake. 
The contained species are not forms that have been hitherto 
noted in New York, but resemble certain ones described by 
Billings from the Quebec group of Newfoundland. 
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Chazy is the classic locality for the rocks of the Chazy group. 
The village is built upon them, and outcrops containing char- 
acteristic fossils are to be found in almost every yard. The 
quarries in the village and southeast of it, and Little Chazy 
River, afford good sections. The best section of the Black River 
limestone was seen there. The section shows that this forma- 
tion may be split up into a number of zones, each characterized 
by its own peculiar faunula. From below upwards the horizons 
are marked; the lowest by a Leperditia, next a Strophomena, 
then follow Stromatocerium and Columnaria, Maclurea and 
Parastrophia. These horizons hold good for the Black River 
of that region. The Maclurea zone at the top of the Black 
River limestone is a most interesting find. Heretofore the large 
Maclurea has been known as characteristic of the middle Chazy 
beds only. At Chazy may be seen a zone six feet thick, at the 
top of the Black River, full of Maclureas. The species differs 
a little from the Maclurea magna as found on Crown Point. 
It is generally larger, but with a more impressed spire and with 
revolving lines on the sides and lower parts of the whorls. 

Isle La Motte is across Northwest Bay from Chazy Landing. 
Some good fossils were obtained there from the Chazy, Trenton 
and Utica. At Fisk’s Quarry handsome specimens of Stromato- 
cerium were seen in the Middle Chazy. Further southward, at 
Fleury’s Quarry, was seen a fine example of differential erosion 
along a joint plane. The Lower Chazy limestone is there made up 
of thin alternating layers of pureandimpure limestone. The pure 
limestone weathers more quickly, leaving the impure bands 
standing out in relief and exhibiting well the feature of cross 
bedding. Many trilobite remains were obtained in this quarry. 
On the eastern side of the island were found some good grapto- 
lites in Utica shale. The shale dipping to the east is exposed 
for a mile along the shore. The dip then quickly changes to 
westerly, and soon the shale is seen to have been dragged along 
the western side of a fault, with the Trenton limestone on the 
eastern side. Further northward this Trenton affords charac- 
teristic fossils. 

Highgate Springs, on Missiquoi Bay, was next visited. There 
the Cainbrian section was gone over, but few fossils were found. 
Back of the Franklin House is a series of parallel ridges. Those 
of Ordovician age yielded some satisfactory results. All beds 
from the Calciferous to the Upper Trenton are exposed on the 
two sides of a north and south anticline. Standing on the 
Calciferous sandstone which forms the crest of the anticline, the 
various beds from lowest to highest dip away on either side. 
The harder layers form prominent ridges in the fields. To the 
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south the ridges are seen to curve around in a semicircle, those 
of the eastern side proving to be continuous with those of the 
western side. It is a very pretty example of a tilted anticlinal 
fold ; the slant in this case being toward the south. Here also, 
at the most northerly point examined, was found the Para- 
strophia horizon, as well marked as at Larrabee Point, seventy- 
eight miles to the southward. The Chazy also yielded some 
fossils. 

Basin Harbor, near Vergennes, was the last locality examined. 
The Chazy is there finely developed. Good trilobites were ob- 
tained, the limestone being full of the minute young of Asaphus. 
Just south of Basin Harbor is Button Bay Island. This small 
island, covering about one acre, is entirely of Black River lime- 
stone. At the lower part of the section is a thin band of lime- 
stone containing myriads of Leperditias in perfect preservation. 
Near the top is a two-foot band, sharply defined above and 
below, and made up entirely of corals of the genera Stromato- 
cerium and Columnaria. It is a most striking example of coral 
reef formation. Just eastward of Button Bay Island is a small 
island of Trenton limestone, from which the last collections 
were made. 

It is expected that the results to be obtained from the work 
will be of considerable importarce in the field of stratigraphic 
paleontology, for the region is a rich one and very little work 
has been done on the New York Ordovician since the publica- 
tion of Hall’s first volume of the Paleontology of New York in 
1847. Accordingly careful work in which the various elements 
of each fauna are dissected out and fixed horizons established 
for a particular region cannot yield other than results of value. 

The paper was discussed by J. F. Kemp. 

The Academy then adjourned. 
J. F. Kemp, 

Secretary. 

The following paper was read by title April 8, 1895, but was 

withheld for revision by its author. The title announced on p. 

185 of Vol. XIV. of the Transactions is “* Petrographical Notes 

on Rocks from Alaska.” 
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NOTES ON THE AREAL GEOLOGY OF GLACIER 
BAY, ALASKA. 

EH. 3P; (CusHEINeG. 
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Plate I. at close of Volume. 

INTRODUCTION. 

In the year 1890 a party under the leadership of Dr. H. F. 
Reid explored and mapped a considerable portion of the basin 
of the Muir glacier in southern Alaska. The writer was a mem- 
ber of the party and reported briefly to Dr. Reid on the areal 
geology of the district.* 

In 1892 Dr. Reid returned to Glacier Bay and extended his 
work over a much greater area, exploring and mapping for the 
first time the shores of the upper part of Glacier Bay, an under- 
taking of the most laborious character. 

From these newly explored shores Dr. Reid gathered rock 
samples whenever practicable, upon which he has requested a 
report. These specimens prove with a singe exception, to repre- 
sent rocks similar in all respects to those already described from 
the vicinity by Dr. Geo. H. Williams and the writer. It has 
seemed, however, that a brief review of the whole matter, with 
such comparisons as can be made with sections reported else- 
where from southern Alaska, may not be wholly devoid of value. 

GENERAL GEOLOGY. 

In 1891 the writer described from the Muir glacier basin an 
argillitic series and a dolomitic limestone, both of great thick- 
ness, and both cut by eruptives, in part as great intrusive masses, 

*Nat. Geog. Mag., Vol. IV., pp. 56-62. 
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in part as dikes.* The eruptives were studied by Dr. Geo. H. 
Williams,} who determined the main intrusion to be of quartz- 
diorite, while both acidic and basic dikes occurred, the latter 
largely predominating, and being in large part diabases. The 
argillites were the oldest rocks found; the quartz-diorite intru- 
sion was subsequent to the deposition of the limestone, and the 
dikes cut all the other rocks. 

The region is a disturbed one, the time of the disturbance 
antedating the formation of the dikes, for the most part. The 
rocks have undergone regional metamorphism, have been tilted, 
folded, faulted and fractured. The argillites are baked into 

hard, flinty rocks, which break under the hammer with great 
difficulty and have totally lost all tendency to split on the old 
bedding pianes, which are only traceable by means of occasional 
color variations in the different layers. The limestone is also 
greatly metamorphosed. ‘The whole series is cut up into small 
blocks by intersecting systems of joints. The tremendous 
dynamic strains which have acted upon the rocks are made 
clearly manifest when the quartz-diorite is examined in thin 
section under the microscope. On the other hand, no such 
effects are disclosed by the study of the dike rocks. A certain 
amount of disturbance since the time of dike formation is made 
apparent by the occasional faulting of a dike, but-so far as ob- 
served the throw of these later faults is always tolerably insig- 
nificant in amount. 

The Argillites.—The argillitic rocks have a wide distribution 
around the eastern side of the Muir glacier basin and also form 
the mountains adjacent to Muir inlet. They present three main 
phases : 

1. Very hard, fine grained argillo-siliceous bands, gray to 
brown in color, occasionally approaching quartzite in character. 

2, Blue to black, somewhat slaty recks, nearly as hard as the 
first and equally fine grained, less siliceous, but containing a 
slight amount of calcareous matter. These two varieties con- 
stitute the main portion of the mass. They separate into small, 
rectangular blocks along the joint planes, but show no tendency 
to split along the bedding planes. The blocks are somewhat 
cemented together by wide-spread secondary calcite in the 
joints, presumably derived largely from the rocks themselves. 
Disintegration takes place with amazing rapidity, as shown by 
the enormous piles of morainic matter furnished to the tribu- 
taries of Muir glacier whose valleys are adjoined by mountains 
of argillite, and by the massive talus heaps that are rapidiy 

* Nat. Geog. Mag., Vol. IV., pp. 57-62. 

7 Nat. Geog. Mag., Vol. IV., pp. 65-74. 
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accumulating at the bases of other mountains made up of the 
same material. 

3. Thin bands of black, graphitic slates with good slaty 
cleavage are interstratified with the foregoing varities. There 
seem to be several such bands, though their apparent number 
may be increased by faulting. 

Careful search for fossils was made in these rocks at several 
points by the writer, who had his labor for his pains. The series 
has great thickness, and may comprise rocks of more than one 
age, but is so homogeneous throughout that its study yields dis- 
appointing results. Its base was nowhere seen, but a vertical 
section of more than 3,000 feet is exposed on Mt. Wright and 
its outlying ridges aaieh rise from Muir inlet, just below the 
end of Muir elacier.* . 

4. The Glacier Bay Limestone.-—The mountains adjoining 
the larger part of Glacier Bay consist of dolomitic limestone of 
a dark color, and for the most part extremely pure, containing 
only a trace of insoluble matter. Like the argillite, it is meta- 
morphosed and cut up by joints, but the cracks, often widened 
considerably by solution, are without exception filled by crys- 
talline calcite, binding the whole into a firm mass and much re- 
tarding its disintegration. On the peaks east of Muir inlet the 
limestone may be seen capping the argillites, apparently con- 
formably. Its summit was nowhere seen, but it has an unmis- 
takable thickness of several thousand feet. It may conven- 
iently be designated the Glacier Bay limestone until such time 
as some other name may prove more appropriate. Fossils in 
this limestone are rare, and damaged by metamorphism. The 
writer found them in ‘place on Douglass Island in 1890, and in 
loose pieces elsewhere, but unfortunanely the recognizable 
forms gave no precise indication of the age. However, further 
light has been shed upon this point by the discovery, chronicled 
by Prof. Stevenson,} of a piece of fossil coral on one of the 
moraines of the Dirt glacier. A single one of the peaks, amid 
which the Dirt glacier has its source, is capped by the limestone; 
otherwise the drainage basin of this glacier lies entirely in ar- 
gillites or eruptive rocks, so that the locality whence this coral 
was derived is pointed out beyond question. Prof, H. 8. Wil- 
liams, in a letter to Dr. Reid, pronounces it a species of Lons- 
daleia and regards it as demonstrative of the Carboniferous age 
of the horizon whence it came. As this was apparently the 

* The areal geology of the region is delineated so far as may be, on the accompany- 
ing map, Plate I., at close. This map was prepared by Dr. Reid for another purpose, is 
based on his as yet unpublished material, and appears here through the courtesy of the 
Director of the United States Geological Survey and of Dr. Reid. 

+ J. J. Stevenson, Scot. Geog. Mag., Feb., 1893, p. 5. 
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basal portion of the limestone, the whole will, most probably, 
prove to be Carboniferous. 

Dr. Reid notes the occurrence locally of white, coarsely crys- 
talline marble in considerable force at the upper end of Glacier 
Bay. Vein fillings of this charater occur at intervals in the 
argillites and with more frequency in the limestone, but it is 
possible that these greater masses noted by him may have re- 
sulted from contact metamorphism, as they lie in close proximity 
to the quartz-diorite. The specimens collected show no contact 
minerals, however. 

The Quartz-diorite.*«—As may be seen from the map this 
rock has a wide distribution in the vicinity. It is quite homo- 
geneous throughout, consisting of white plagioclase, somewhat 
dull and opaque from decomposition, with frequent thin prisms 
of hornblende and occasional biotites, and some quartz, the 
feldspar forming more than one-half the mass and giving it a 
predominantly white color, by means of which it may be unfail- 
ingly recognized at a distance. The only recorded observation 
on its contact relations is that by the writer made in 1890.+ 
The observed contact was with the argillites, and while the con- 
ditions under which it was made were by no means ideal, the 
contact seemed clearly an irruptive one. Furthermore, the areal 
distribution of this rock along the upper end of Glacier Bay, as 
mapped by Dr. Reid, seems to show that there its contact with 
the limestone is that of an intrusion, and that the white crystal- 
line marble reported there by him may be a phase of the lime- 
stone due to contact metamorphism. 

One further indication of the order of events in the vicinity is 
furnished by what seem to be apophysz from the quartz- 
diorite, which are found cutting the clastic rocks at some dis- 
tance from the main intrusion. Three such were noted by the 
writer in 1890, all of which were several yards in width, no 
accurate measurements being permissible at the time. They 
differ slightly from the main mass in appearance, and also carry 
pyrite in notable quantity, but in thin section are scarcely to be 
distinguished. They possess the same coarsely hypidiomorphic 
granular texture, with no variation between the centre and the 
sides, so far as could be noted, indicating a rate of cooling such 
as to make it probable that the enclosing rocks themselves had 
a high temperature at the time of the injection of these relatively 
small masses, one of which is more than twelve miles distant 
from the nearest outcrop of the main intrusion. 

*G. H. Williams, Nat. Geog. Mag., Vol. IV., p. 67. 

+H. P. Cushing, Nat. Geog. Mag., Vol. IV., p. 61. 
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Diorite.*—The massive moraines on the eastern side of Muir 
glacier are made up in the main of fragments ofa quartz free 
diorite, which is a more basic rock than the quartz diorite. 
Numerous blocks of hornblendic gneiss and schist also occur, 
which may represent foliated phases of this diorite. The large 
content of such rocks in the moraines leading from the valleys 
occupied by the McBride, Casement and Girdled glaciers and 
Berg lake, and from Granite canon, shows that the enclosing 
mountains are in great part of diorite, and the color and 
aspect of these mountains when viewed from a distance give 
evidence to the same effect. None of these mountains have been 
reached by parties exploring Muir glacier, so that the nature of 
the argillite-diorite contact is unknown. But there is a total 
absence of anything indicating shore conditions as this contact 
is approached ; no pieces of conglomerate have been noted on 
the moraines, and pieces of fine grained diorite, evidently from 
dikes, have been found. The diorite is therefore likely to prove 
of later date than the Carboniferous sediments. So faras known 
it shows no tendency to grade into the quartz-diorite. They 
may represent phases of the same intrusion, or different intru- 
sions from the same magma. 

Crystalline Schists.—In the collection of rocks made by Dr. 
Reid in 1892 are specimens of mica schist and actinolite schist, 
obtained from erratic blocks on the west shore of Glacier Bay, 
mainly at the northwest corner of Hugh Miller inlet and at the 
eastern side of the entrance to Geikie inlet. It is of the highest 
degree of probability that these erratics were brought hither by 
the glaciers which at present debouch into these inlets, and that 
therefore outcrops of these schists lie in that direction. Daw- 
son reports frequent areas of schists and gneisses as occurring 
in the Coast range granite beit, and quite subordinate to the 
granite in amount, and these may have come from such patches. 
On the other hand, granites are not represented in Dr. Reid’s 
collection. 

Megascopically, the mica schists are finely granular, very 
schistose rocks with abundant biotite, all of which carry small 
garnets, and some contain staurolite in addition. Except in the 
size of the garnets, they precisely resemble the well-known gar- 
netiferous mica schist from the mouth of the Stikine river. The 
actinolite schists are finely fibrous green schists, mainly com- 
posed of actinolite. 

Dikes.—All the rocks so far described are cut by numerous 
dikes, of varying nature but largely of diabase. They are not 
only younger than the other rocks, but also younger than the 

*G, H. Williams, Nat. Geog. Mag., Vol. IV., pp. 65-67. 
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time of disturbance and metamorphism of these rocks. In thin 
section they show no sign of having suffered from the dynamic 
action which has so profoundly affected the other rocks and 
whose effect is so beautifully shown in sections of the diorites 
by the bent and broken crystals, undulatory extinction and 
production of secondary minerals there exhibited. 

While in the main to be classed as diabsses, these dikes shade 
into andesite-like rocks through loss of the ophitic structure 
and development of a glassy groundmass. Specimens of more 
acid rock, rhyolites and micro-pegmatites, are not infrequent on 
the moraines, but only one such dike has been found in place, 
and no evidence is at hand as to their relation in time to the 
basic dikes. These dike rocks much resemble others of known 
Tertiary age occurring further to the south.* 

CoMPARISON WitH OTHER ALASKAN SECTIONS. 

The Coast range belt, of which the region under considera- 
tion is structurally a portion, is shut away from the Pacific. 
north of Cross sound, by the lofty peaks of the Fairweather 
range. If,as seems probable, this latter belongs structurally with 
the St. Elias range, it is of a much more recent date. 7?) Mite 
Glacier bay section presents many points of similarity with 
sections described by Dawson and Hayes from British Columbia 
and southern Alaska, so that a rough correlation may be at- 
tempted. A marked feature here is a limestone of great thick- 
ness, which, at least in part, is of Carboniferous age. Dawson 
describes such a limestone from the Dease river holding Fusu- 
lina,f and another from his section along the Stikine which he 
believes the same, though finding no fossils. Apparently the 
same limestone is mentioned by Hayes as occurring in the Taku 
valley.|| Furthermore Hayes reports black slaty shales appar- 
ently underlying the limestone, and Dawson describes from the 
Stikine a series of‘ hard argillites and grauwacke-quartzites, 
interbedded with shaly gray and brownish impure limestones,” 
which were “ not observed to hold staurolite, mica, or otherwise 
crystalline minerals like those of Wrangell, and otherwise differ 
somewhat in appearance from those.’’*| These rocks are below 

*For brief petrographic descriptions of specimens from these dikes : see G. H. 
Williams, Nat. Geog. Mag., Vol. IV., pp. 68-74. 

+See. H. F. Reid, Nat. Geog. Mae. Vol. IV, p. 24,and G. F. Dawson, Geol. Sury. Can. 
An. Rep. 1887-8, p. 12 B. 

1G. F. Dawson, Geol. Sury. Can. An. Rep. 1887-8, p. 33 B. 

7G. F. Dawson, Geog. Sury. Can. An. Rep. 1887-8, p. 55. 

| C. W. Hayes, Nat. Geog. Mag., Vol. IV., p. 138. 

§ Geol. Sury. Can. An. Rep. 1887-8, p. 55 B. 
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the limestone which is “of considerable, though undetermined 
thickness,” and rest on the Coast range granites. Precisely > 
the same differences obtain between the Glacier bay argillites 
and those at Wrangell, Sitka and Junean, and the order of suc- 
cession is the same in each of the four sections, Stikine, Taku, 
Dease and Glacier Bay. 

The one difficulty encountered in making this correlation is 
that the strike of the Glacier bay series would bring them over 
to Lynn canal, and that Dawson reports from the east side of 
Lynn canal argillites that he likens to those of Wrangell.* In 
a region so complicated structurally and so little known it is 
difficult to assign causes for such apparent discrepancies. 
Beyond this point it is not easy to carry any satisfactory identifi- . 
cations. In the sections of Dawson and Hayes the Coast range 
granite intervenes between the Paleozoic rocks of the interior 
and the argillites of the coast, which are perhaps of Mesozoic 
age. This rock is always reported as a gray granite, and diorite 
is only reported as occurring in local intrusions in the granite. 
Quartz-diorite is not reported at all of the four specimens of 
this granite from the Stikine which were examined microscopi- 
cally by Dr. Adams,} though one had predominant plagioclase and 
is stated to appaoach quartz-diorite in character. But the Glacier 
bay quartz-diorite contains but little orthoclase, and so far as 
known shows no tendency to grade into granite. Dawson de- 
scribes the granite as follows: ‘‘The Coast ranges, where 
traversed by the valley of the Stikine and again where crossed 
still further north by the Chilkoot Pass, are found to consist for 
the most part of granite and graintoid rocks, almost invariably 
of gray color, and frequently. rich in hornblende. With these 
are occasionally included stratified or stratiform masses of mica- 
schists and hornblende-schists, and both these and the granites 
are frequently traversed by pegmatite veins, diabase dykes and 
intrusive masses of coarse diorite.”{ Dr. Dawson found here 
no especial evidence as to the age of this granite, but believes it 
to be the same as on Vancouver Island, or Middle Mesozoic. 
On the other hand, Hayes reports basal ‘conglomerates in the 
Taku valley, resting on what seems to be the same granite, 
though it may be different, or the conglomerates may not be 
Paleozoic. 
No granite has yet been found in the Glacier Bay section nor 

on the moraines of the glaciers which come into the bay. In- 
tervening between it and the Fairweather range is a rugged, 

* Geol. Sury. Can. An. Rep. 1887-8, p. 32 B. 

+ F. D. Adams, Geol. Sury. Can. An. Rep. 1887-8, p. 237 B. 

t Geol. Sury. Can. An. Rep. 1887-8, p. 31 B. 
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desolate belt of mountain ranges some thirty to forty miles in 
width. That this is occupied in large part by the Coast range 
granite seems quite probable; at least this is likely to be the 
case if the aparent similarity between the different sections 
holds good. It is quite likely that the intrusive diorite of 
Glacier Bay is merely an unusually large sample of the diorite 
reported by Dawson as intruding into the granite. But nothing 
like the great quartz-diorite mass of Glacier Bay has been de- 
seribed elsewhere in Alaska. It may represent a phase of the 
granite, or an intrusion of later date analogous to the diorite. 
It is more basic than the former, more acidic than than the latter. 

Dr. Dawson further reports that the Carboniferous limestone 
in his Stikine section is followed apparently in ascending order, 
“by a series of altered volcanic rocks * * * * apparently 
chiefly diabases, but including also porphyrite like rocks.”* 
These are stated to be bedded, are regarded provisionally as of 
Carboniferous age, and are likened to rocks forming part of the 
Cache Creek group, in the southern interior of British Columbia. 
Rocks of similar character occur on the mountains enclosing 
the northeast portion of the Muir glacier amphitheatre, which 
are at least older than the quartz-diorite, being cut by a dike of 
that rock, one of the apophysz mentioned on a previous page. 

They have not been sufficiently studied to bring out their rela- 
tions to the Palaeozoic clastics, but as far as observed they are 
in contact with the argillites instead of lying above the limestone. 

The more recent dike rocks, which are of possible Tertiary 
age, seem widespread throughout the whole extent of the Coast 
range and are mentioned by every observer. 

PETROGRAPHICAL NOTES. 

The Quartz-diorite.—This rock has been briefly described by 
Dr. Williams, but in view of its extent and importance in the 
region a somewhat fuller description seems advisable, though 
the rock is a quite normal one. Unfortunately the material at 
hand has not been sufficient to permit of chemical study in con- 
junction with that under the microscope. 

In thin section the quartz-diorite is seen to consist of a 
coarsely hypidiomorphic granular aggregate of plagioclase, 
hornblende, quartz and orthoclase (?), with accessory biotite, 
magnetite, ilmenite, titanite and apatite. The order of crystal- 
lization is the usual one, apatite followed by the iron oxides, 
then titanite, hornblende and biotite, plagioclase, orthoclase (?) 
and quartz in the order named. 

*G. F. Dawson. Geol. Sury. Can, An. Rep., 1887-8, p. 55 B. 
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The plagioclase makes up somewhat more than half the rock 
and is largely idiomorphic, often also with a well-marked zonal 
structure. The different individuals occur in very varying 
stages of decomposition in the same slide, and those with the 
zonal structure have almost invariably the centre more decom- 
posed than the periphery. In the zonal crystals the outer rim 
never shows a greater extinction angle than 4° in individuals 
whose twinning lamelle give nearly symmetrical extinction, 
while the centre of the same individuals frequently gives an 
angle of 20° to 22°, indicating a range from oligoclase to a basic 
andesine or acid labradorite. Inclusions of all the other constit- 
uents of the rock except quartz are common. 
Along with the undoubted plagioclase in the slides are seen 

numerous individuals, always so far gone into decomposition 
that little can be learned from their study concerning their 
original condition, but which inso far as they retain any ‘indica- 
tions of twinning whatever, show only that after the Carls- 
bad law. They are regarded, somewhat doubtfully, as repre- 
senting an original contest of orthoclase in the rock. The un- 
doubted plagioclase always far exceeds this uncertain feldspar 
in amount. 

Next to the plagioclase hornblende is the most abundant con- 
stituent. It isa dark green hornblende with very strong ab- 
sorption—c < ) <<a—and pleochroism of the usual character in 
diorite—a greenish, § dark greenish brown and ¢ dark bluish 
green. The smaller individuals possess sharp crystal bound- 
aries in the prism zone, but the larger individuals are irregularly 
bounded and ev ery where poikilitic, mottled with inclusions of 
both feldspar and quartz. The maximum extinction angle found 
is 17°. Inclusions of apatite and the iron oxides are numerous. 
The ordinary decomposition is to chlorite, but in a few instances 
epidote also appears. The formation of a light bluish green 
hornblende with only slight pleochroism, resembling actinolite 
seems to be an initial stage in the process. Both the feldspar 
and the hornblende show admirable evidence of the dynamic 
action to which the rock has been subjected. In addition to 
widespread undulatory extinction and sliding of portions of 
crystals along cleavage planes, are many beautiful examples of 
crystals bent into a curve, extinguishing gradually from one 
end to the other, the difference amounting to 20° in some cases. 

Quartz is present in all the slides and nearly equals the horn- 
blende in quantity. It is totally allotriomorphic and contains 
frequent inclusions of the other minerals as well as a multitude 
of minute black inclusions of uncertain nature. A few small 
patches of granophyric appearance are present. 
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The biotite presents no feature of interest except its mode of 
decomposition. At first its color becomes green with diminished 
absorption ; it then alters to chlorite with the formation of lenses 
in the cleavage cracks, made up of an aggregate of small par- 
ticles of a colorless mineral, with high double. refraction, which 
is, in the main, calcite, muscovite being possibly present also. 
At the same time magnetite (?) forms along the cleavage cracks. 
Finally the chlorite and magnetite further decompose to a brown 
earthy mass carrying the alcite lenses. 

Titanite appears in all the slides in the customary rhombic 
cross sections, with an unusually strong pleochroism for that 
mineral. Apatite abounds in the rock as an inclusion in all the 
other constituents in the usual minute, clear, sharply defined 
prisms. Occasional larger irregularly bounded individuals also 
occur with their customary black dust inclusions. 

Pyrite is of frequent occurrence in the quartz-diorite dikes, 
but does not appear in the main body of the rock. 

The microscopic examination suggests that the rock must be 
a quite acid one lying between normal granite and diorite in 
that respect. 

The Schists.—These present no novel features calling for 
especial mention. The actinolite schists are finely fibrous aggre- 
gations of that mineral, the slender prisms seeming to be ar- 
ranged i in two parallel sets which intersect one another at an 
angle approximating 20°. The small interspaces are filled with 
a finely granular mixture of quartz and epidote, and an occa- 
sional grain of plagioclase. 

The mica schists are fine grained markedly schistose rocks with 
abundant biotite, which with irregular grains of quartz makes 
up the main portion of the rock. In two specimens, however, 
orthoclase occurs instead of quartz, accompanied by a small 
amount of plagioclase. Small magnetite individuals invariably 
abound, and all the constituents of the rock are thickly set with 
black dust-like inclusions, which also seem to be magnetite. 
Garnets of a light rose color and with numerous inclusions are 
scattered through the rock. They reach a size of .4 mm. as 
a maximum. Zircon is also a never-failing constituent. 

In two of Dr. Reid’s specimens staurolite occurs in numerous 
short, thick prisms, averaging 6 mm. in length and 3 mm. in 
breadth, bounded by the faces (110), (001) and (610), and with 
both twinnings characteristic of the mineral, that parallel to 
(032) and to (232). It is full of inclusions, notably of quartz 
and magnetite, and in one case a garnet, .3 mm. in diameter, is 
completely enclosed in staurolite, Faidieating the later erystal- 

TRANSACTIONS N. Y. ACAD. Scr., Vol. XV., Sig. 3, January 14, 1896. 
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lization of the latter. Otherwise the garnet is the last formed 
constituent of the rock. 

The Dikes.—The specimens of dike rocks obtained by Dr. 
Reid, in 1892, are, for the most part, diabases and present no 
characters additional to those already described from the region 
by Dr. Williams. There is a specimen of a diorite dike (No. 
129), which shows most beautifully the effects of dynamic action, 
and is evidently far older than the diabase dikes. 
WESTERN RESERVE UNIVERSITY, October 24, 1895. 

REGULAR Business MEETING. 

November 4th, 1895. 

The Academy met with President RExs in the Chair; sixteen 

persons present. 

Minutes of the preceding meeting were read and approved. 

The nominations for membership of R. E. Dodge and James 

Marsland Lawton, Jr., were reported approved by the Council, 

and they were elected by the Academy resident members. 

The Section in Astronomy and Physics then organized, and 

listened to a paper by Prof. R. 8. Woodward, upon “ Systems 

of Mechanical Units,’ Prof. Woodward referred to the im- 

portance of the dimensional formule in discussing systems of 

units, and called attention to their introduction in 1821 by 

Fourier, and their subsequent revival by Maxwell. He pointed 

out some of the difficulties arising from the adoption of the 

present fundamental units of length, mass and time, and showed 

how, by the elimination of either length or time and the sub- 

stitution of energy, new systems could be obtained. He dwelt 

upon the desirability of the system in which energy replaces 

time for those people who may have no conception of time, and 

pointed out that the conceptions of energy are certainly as dis- 

tinct as those of mass, and, possibly, even as distinct as those of 

length and time. 

This paper was discussed by Messrs. Pupin, Hallock and 

Pfister. 
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Prof. Harold Jacoby then read a paper received too late for 

announcement in the Bulletin, on ‘Suggestions as to the deter- 

mination of the relative mass of the two components of the 

double Star, Eta Cassiopeiz, from Rutherfurd photographic 

measures.’ Prof. Jacoby outlined the method to be pursued in 

this investigation, and deduced the formuls to be used. The 

calculations will be made by Dr. Davis, The paper was dis- 

cussed by Prof. Rees. 

Prof. Pupin then explained a method of measuring alternating 

currents with a galvanometer. In consists in placing in the 

circuit a primary cell and an electrolite cell, whose counter 

electro-motor force is slightly greater than that of the primary 

cell. Under this condition only one-half of the alternations 

passed through the circuit, the other half being stopped by the 

two cells. Experiments have shown the availability of this 

method up to 600 alternations per minute. 

Prof. A. M. Mayer nominated Prof. E. R. Van Nardroff for 

resident membership, and the nomination was referred to the 

Council. 

The Academy then adjourned. 
J. F. Kemp, Secretary. 

SUGGESTIONS AS TO THE DETERMINATION OF 

THE RELATIVE MASSES OF THE TWO COM- 

PONENTS OF THE DOUBLE STAR ETA 

CASSIOPEILZ FROM RUTHERFURD 

PHOTOGRAPHIC MEASURES. 

By Haroup J AcoBY. 

The recent publication by the Academy of Rutherfurd’s 
measures of sixty-two stars about Eta Cassiopeiz, reduced by 
Dr. Davis, leads me to suggest that these same measures offer 
the possibility of computing the relative masses of the two com- 
ponents. There is a considerable probability that such a com- 
putation will lead to a successful result; and as we have at 
present only the discussion of this point by Mr. Ludwig Struve, 
a new investigation will be very interesting and important. It 
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is true that the period covered by Rutherfurd’s observations is 
only about three-and-a-half years, or about one fifty-fourth part 
of the whole period of revolution of the star, and this circum- 
stance is unfavorable to the success of the suggested research. 
But, on the other hand, the component changed its position 
during the period of Rutherfurd’s observations by about seven- 
tenths of a second of arc. So that if we adopt Struve’s ratio of 
the masses, which is one to three, the principal star must have 
changed its position with respect to the centre of gravity of the 
system by nearly two-tenths of a second. So large a quantity 
as this could hardly fail to be determined by the Rutherfurd 
measures, in view of the very large number of comparison stars 
available. It is, of course, obvious that we should not attempt 
to determine any of the other elements of the orbit from these 
measures, but employ in the computations one of the orbits that 
have been deduced from the measures of the system as a double 
star. The most recent orbit of this kind is that of Dr. See 
(Astr. Jour., Vol. XV.,p. 54), and this would be the best one to 
adopt for our present purpose. 

The method to be pursued in this inv estigation appears readily 
from the following considerations. It is well known that boti 
components of the system revolve about their common centre 
of gravity, and that this centre of gravity, therefore, isa fixed 
point in the system. It always lies on the line joining the two 
components, and divides this line in the inverse ratio of their 
masses. Consequently, in the apparent orbit, which is the pro- 
jection of the real orbit, and which is what we actually see on 
the sky, there is also a fixed point, which is the projection of 
the centre of gravity. This fixed point always lies on the line 
joining the apparent positions of the two components on the 
sky, and it divides that line in the same inverse ratio as before. 
It is this fixed point, and not the principal star, which should 
retain a constant distance from all the other surrounding stars 
on the plate, after the effects of proper motion, parallax, ete., 
have been removed. 
From what has been said, it is clear that if we compute from 

Dr. See’s elements an ephemeri is of the minor component referred 
to the principal star, and if we put: 

po’, =the distance and position angle of the minor component, 
as ‘evel by the ephemeris. 

M, M’=the masses of the principal star and companion re- 
spectively ; then if we compute m by the equation : 

MM’ 

M+ M’ 
m= — 
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we shall have the position of the fixed point in the apparent 
orbit, referred to the principal star, given by the following co- 
ordinates : 
—mp’ for the distance, 

6 for the position angle. 
It follows that if we let: 
o, p= the distance and position angle of any star on the plate 

from Eta, fully corrected of course for refraction and aberration. 
o/= the distance of the fixed point from the same star, 

we shall have: : 
; o—o’/==—m pp’ cos (9—>p). 

In Eotanlishing equations from whose solution by least 
squares we are to determine the quantity m, we cannot consider 

either the parallax or proper motion known, These three quan- 
tities are entangled together in such a way that it is impossible 
to work out either one of them by itself. The first step in the 
proposed investigation will be to free the measured distances, 
as given by Dr. Davis, from the effects of variation of scale 
value. It is almost needless to remark that I propose to use 
only the distances, and not the position angles measured by 
Rutherfurd in the present research. To get rid of the variation 
of scale value, it would seem best to apply such a correction to 
the scale value of each plate as will make the sum of the dis- 
tances of the three stars numbered 19, 41 and 62 in Dr. Davis’ 
list, a constant. These stars are on all the plates, and they are 
favorably situated. The sum of their distances from Eta is 
7141’, or 254.9215 divisions of the scale, and their distribution 

‘in position angle is such that : 

sin p = — 0.13, = cos p = — 0.20. 

They are therefore admirably adapted for correcting the varia- 
tion of scale value. To do this, let us put: 

019) x1) %2, = the distances of stars 19, 41 and 62 from Eta on 
any given plate, expressed in divisions of the scale. 

Then we must add to every distance on that plate the quantity : 

o 

254.92 92 (254. 9215 — OF ed OA ie oe) 

where © is the distance of the star from Eta, as given by Dr. 
Davis, and expressed in divisions of the scale. 

The next step is the correction of the distances for proper 
motion. This is to be done by adding to them the quantity : 

S, P, + Sy Pe 
where the symbols have the same signification as in Dr. Davis’ 
paper on the Parallax of Eta, p. 301. 
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The above steps having been taken, we can proceed to form 
equations from which to determine by least squares the most 
probable values of the unknown quantities. These are the two 
corrections of the assumed proper motion, the parallax, the 
ratio of the masses, and the true distances of the various stars 
from the fixed point of the apparent orbit. 

Let us introduce the following notation: 
p, x= the assumed proper motion on the arc of a great circle, 

and the position angle of that great circle. 
w = the correction required by the assumed p cos x. 

v= the correction required by the assumed psin x. 
t= date of the plate minus 1872.0. 
x= parallax of the system. 
S;, P;, Sy Py= auxiliary quantities for computing parallax co- 

efficients, and having the same signification as on p. 302 
of Dr. Davis’ Parallax paper. 

6,= the mean of the values of ¢ on all the plates for any 
given star. 

Then if we put, for convenience : 

G = 83 Ps +- Sy Py 
r=6)— 0’, d=o—o, 

The following equation will hold true: 

Gr+tteosp. w+7Tsinp. v-+-p’cos(@—p). m+a4+d=0. 

Such an equation can be formed from each star on each plate, 
and from their solution the most probable values of the un- 
knowns, 7, w, v, m and x, can be determined. From these we 
pass at once to a knowledge of the ratio of masses by means 
of the equation : 

M 1+ m 

} cao 0 

and we get the distance from any given star to the fixed point 
by means of the equation: 

o/ =0,—&. 

The total number of equations will be 702, involving 66 un- 
knowns. But the solution of all these equations by least 
squares will offer no difficulty, because we can first eliminate 
the unknown « from all the equations belonging to any given 
star. The reduced normals from all the stars can then be added 
together, and the final definitive values of 7, w, v, m and « 
computed. It will probably be possible to tell in advance, from 
a preliminary consideration of some of the equations, whether 
the investigation is going to give a satisfactory result. This 
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will be the case, if s comes out positive, and m negative, and 
less than unity. It might even be desirable not to use the 
method of least squares for the elimination of the x’s, but to 
substitute some other method of elimination, which would take 
less time, without materially diminishing the precision. 

STATED MEETING. 

November 11th, 1895. 

In the absence of Prof. N. L. Britton, Prof. Henry F. Osborn 

was elected Temporary Chairman. About forty (40) persons 

were present. 

The minutes of the preceeding meeting of the Section were 

read and approved. 

A report was read by Prof. Osborn regarding the matter of 

Bibliographical Compilation, which has been brought before the 

various scientific bodies here and abroad by Dr. Haviland Field, 

who proposes to establish a regular codperative bulletin record- 

ing the titles of zodlogical and anatomical works. ‘The report 

recommending the approval by the Academy of the work of Dr. 

Field was unanimously adopted. 

Prof. Rees next brought to the attention of the Section the 

communication of the Huxley Memorial Committee, it being pro- 

posed to erect a statue of the late Professor in the South Ken- 

sington Museum, and asking for the coédperation of the New 

York Academy of Sciences. Upon motion a Committee was 
appointed by the Chair to take the necessary steps in further- 

ance of the wishes of the Huxley Committee. This Committee 

was to consist of Profs. Stratford, Wilson and Huntington and 

Dr. Wortman. 

Owing to the resignation of the Chairman and Secretary of 

the Section, it was then moved that a nominating committee be 

appointed by the Chair to consider the question of election of 

the Sectional officers. To this committee Profs. Lee, Britton 

and Stratford were appointed. 
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The first paper of the evening, that of Prof. Osborn, “A 

Memorial Tribute to Prof. Thomas H. Huxley,” was then pre- 

sented, and in it were reviewed the main facts of the life of Dr. 

Huxley, together with many notes of Prof. Osborn, one of his 
pupils. (See below.) 

The second paper was by Dr. Bashford Dean, entitled : 

‘* Notes on Ancestral Sharks.” The paper dealt with some of 

the recent discoveries among the fossil sharks of the Lower 

Carboniferous in Ohio. An examination of this material during 

the past Summer in the collection of Dr. William Clark, of 

Berea, Ohio, had enabled the speaker to describe, in addition to 

the known characters of these primitive forms of Cladoselachids, 

the vertebral axis, the suspensorium, the matter of claspers and 

the integumental characters. 

The third paper on ‘‘ Newly Mounted Skeletons of Titano- 

therium and Metamyodon in the American Museum,” with illus- 

trations by Prof. Osborn, was deferred, as were also papers 

announced by Dr. J. L. Wortman on the “American Museum 

Expedition of 1895,” and by Prof. Britton on ‘“‘ New or Note- 

worthy North American Phanerogams.” 

In their place Dr. Arnold Graf spoke of a peculiar growth 

character in Crepidula, recording the adjustment of its shell to 

that of a scallop, the margin of the shell of the crepidula con- 

forming exactly to the ridged character of the shell of its host. 

Discussion by Prof. Martin and Dr. Dean. 

The meeting adjourned. BaAsHFrorD DEAN, 

Secretary of Section. 

MEMORIAL TRIBUTE TO PROFESSOR THOMAS 

Ho HUXLEY, 

By Henry F. Osporn. 

Presented before the Section of Biology, November 11th. 

All the members of this Academy, all men of science in 
America, in fact, are in different ways indebted to the late Pro- 
fessor Huxley. We would be ungrateful, indeed, especially in 
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this section of the Academy, if we failed to join in the tributes 
which are being paid to him in different parts of the world. 

In his memory I do not offer a formal address this evening, 
but as one of his students, would present some personal reminis- 
cences of his characteristics as a teacher, and some of the most 
striking features of his life and work. 

Huxley was born in 1825. Like Goethe, he inherited from 
his mother his brilliantly alert powers of thought, and from his 
father, his courage and tenacity of purpose, a combination of | 
qualities which especially fitted him for the period in which he 
was to live. There is nothing striking recorded about his boy- 
hood as a naturalist. He preferred engineering, but was led into 
medicine. 

At the close of his medical course he secured a navy medical 
post upon the “ Rattlesnake.” This brought with it, as to Dar- 
win, the training of a four years voyage to the South Seas off 
eastern Australia and west Guinea—a more liberal education to 
a naturalist than any university affords, even at the present day. 
This voyage began at twenty-one, and he says of it: ‘ But, 
apart from experience of this kind and the opportunity offered 
for scientific work to me, personally, the cruise was extremely 
valuable. It was good for me to live under sharp discipline, to 
be down on the realities of existence by living on bare necessi- 
ties, to find out how extremely worth living life seemed to be, 
when one woke from a night’s rest on a soft plank, with the sky 
for a canopy and cocoa and weevily biscuit the sole prospect for 
breakfast, and more especially to learn to work for what I got 
for myself out of it. My brother officers were as good as sail- 
ors ought to be and generally are, but naturally, they neither 
knew nor cared anything about my pursuits, nor understood 
why I should be so zealous in the pursuit of the objects which 
my friends, the middies, christened ‘ Buffons.’ after the title con- 
spicuous on a volume of the ‘ Suites a Buffon,’ which stood in a 
prominent place on my-shelf in the chart-room.” 

As the result of this voyage of four years numerous papers 
were sent home to the Linnzan Society of London, but few 
were published; upon his return, his first work, Upon 
the Anatomy and Affinities of the Medusex, was declined for 
publication by the Admiralty; a fortunate circumstance, for it 
led to his quitting the navy for good and trusting to his own re- 
sources. Upon publicaton (1849) this memoir at once established 
his scientific reputation at the early age of twenty-four, just as 
Richard Owen had won his spurs by his ‘Memoir on the 
Pearly Nautilus.’ In 1852 Huxley’s preference as a biologist 
was to turn back to physiology, which had become his favorite 
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study in the medical course. But his fate was to enter and_be- 
come distinguished in a widely different branch which had as 
little attraction for him as for most students of marine life, 
namely, paleontology. He says of this sudden change of base: 

“At last, in 1854, on the translation of my warm friend, 
Edward Forbes, to Edinburgh, Sir Henry de la Beche, the Di- 
rector General of the Geological Survey, offered me the post 
Forbes had vacated of Palzontologist and Lecturer on Natural 
History. I refused the former point-blank, and accepted the 
latter only provisionally, telling Sir Henry that I did not care 
for fossils and that I should give up natural history as soon as 
I could get a physiological post. But I held the office for 
thirty-one years and a large part of my work has been paleonto- 
logical.” 
From this time until 1885 his labors extended over the widest 

field of biology and of philosophy ever covered by any natural- 
ist, with the single exception of Aristotle. In philosophy Hux- 
ley showed rare critical and historical power ; he made the most 
exhaustive study of Hume, but his own philosophical spirit and 
temper was more directly the offspring of Descartes. Some 
subjects he mastered, others he merely touched, but every sub- 
ject which he wrote about he illuminated. Huxley did not dis- 
cover or first define protoplasm, but he made it known to the 
English-speaking world as the physical basis of life—recogniz- 
ing the unity of animal and plant protoplasm. He cleared up 
certain problems among the Protozoa. In 1849 appeared his 
great work upon the oceanic Hydrozoa, and familiarity with 
these forms, doubtless suggested the brilliant comparison of the 
two-layered gastrula to the adult hydrozoa. He threw light 
upon the Tunicata, describing the endostyle as a universal fea- 
ture, but not venturing to raise the Tunicata to a separate order. 
He set in order the cephalopod mollusea, deriving the spiral from 
the straight shelled fossil forms. He contributed to the Arthro- 
poda; his last word upon this group being his charming little 
volume upon the “ Crayfish,” a model of its kind. But think 
of the virgin field which opened up before him among the verte- 
brata, when in 1859 he was the first to perceive the truth of Dar- 
win’s theory of descent. Here were Cuvier’s and Owen’s vast 
researches upon living and extinct forms, a disorderly chaos of 
facts waiting for generalization. Huxley was the man for the 
time. He had already secured a thoroughly philosophical basis 
for his comparative osteology by studying the new embryology 
of Von Baer, which Richard Owen had wholly ignored. In 1858 
his famous Croonian lecture on the “ Theory of the Ver- 
tebrate Skull,” gave the death blow to Owen’s life work upon 
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the skull and vertebral archetype, and to the whole system of 
mystical and transcendental anatomy ; and now Huxley set to 
work vigorously to build out of Owen's scattered tribes the 
great limbs and branches of the vertebrate tree. He set the 
fishes and batrachia apart as the Jcthyopsidan branch, the reptiles 
and birds as the Sauropsidan in contrast with the Mammalian, 
which he derived from a pro-sauropsidan or amphibian stem, a 
theory which with some modification has received strong recent 
verification. 

Prof. Owen, who had held undisputed sway in England up to 
1858, fought nobly for opinions which had been idolized in the 
first half century, but was routed at every point. Huxley cap- 
tured his last fortress, when, in his famous essay of 1865, 
““Man’s Place in Nature,” he undermined Owen’s teaching of the 
separate and distinct anatomical position of Man. We can only 
appreciate Huxley’s fighting qualities when we see how strongly 
Owen was intrenched at the beginning of this long battle roy ral ; 
he was director of the British Museum and occupied other 
high posts ; he had the strong moral support of the government 
and of the royal family, although these were weak allies in a 
scientific encounter. 

Huxley’s powers of rapid generalization of course betrayed 
him frequently ; his Bathybius was a groundless and short lived 
hypothesis; he went far astray upon the phylogeny of the 
horses. But these and other errors were far less attributable 
to defects in his reasohing powers than to the extraordinarily 
high pressure under which he worked for the twenty years be- 
tween 1860 and 1880, when duties upon the Educational Board, 
upon the Government Fisheries Commission and upon Par- 
liamentary committees crowded upon him. He had at his com- 
mand none of the resources of modern technique. He cut his 
own sections. I remember once seeing some of his microscopic 
sections. To one of our college junior students working with a 
Minot microtome Huxley’s sections would have appeared like a 
translucent beefsteak—another illustration that it is not always 
the section which reveals the natural law, but the man who 
looks at the section. 

Huxley was not only a master in the search for truth, but in 
the way in which he presented it, both in writing and in speak- 
ing. And we are assured, largely as he was gifted by nature, 
his beautifully lucid and interesting style was partly the result 
of deliberate hard work. He was not born to it; some of his 
early essays are very labored; he acquired it. He was familiar 
with the best Greek literature and restudied the language; he 
pored over Miltonand Carlyle and Mill; he studied the fine old 
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English of the Bible; he took as especial models Hume and 
Hobbes, until finally he wrote his mother tongue as no other 
Englishman wrote it. Take up any one of his essays, biologi- 
eal, literary, philosophical, you at once see his central idea and 
his main purpose, although he never uses italics or spaced letters 
as many of our German masters do to relieve the obscurity of 
their sentences. We are carried along upon the broad current 
of his reasoning without being confused by his abundant side 
illustrations. He gleaned from the literature ofall time until 
his mind was stocked with apt similes. Who but Huxley would 
have selected the title “‘ Lay Sermons,” for his first volume of 
addresses; or, in 1880, twenty-one years after Darwin’s work 
appeared, would have entitled his essay upon the influence of 
this work: “The Coming of Age of the Origin of species.” 
Or to whom else would it have occurred to repeat over the grave 
of Balfour the exquisitely appropriate lines: ‘‘ We mourn for 
Lycidas—Dead before his prime.” Who else could have in- 
veighed thus against modern specialization: ‘‘ We are in the 
case of Tarpeia, who opened the gates of the Roman citadel to 
the Sabines and was. crushed by the weight of the reward be- 
stoyed upon her. It has become impossible for any man to keep 
pace with the progress of the whole of any important branch of 
science. It looks as if the scientific, like other revolutions, 
meant to devour its own children; as if the growth of science 
tended to overwhelm its votaries; as if the man of science of 
the future were condemned to diminish into a narrower specialist 
as time goes on. It appears to me that the only defense against 
this tendency to the degeneration of scientific workers lies in 
the organization and extension of scientific education in such a 
manner as to secure breadth of culture without superficiality ; 
and, on the other hand, depth and precision of knowledge with- 
out narrowness.” 

Huxley’s public addresses always gave the impression of be- 
ing largely impromptu, but he once told me; “TI always think 
out carefully every word I am going to say. There is no 
greater danger than the so-called inspiration of the moment, 
which leads you to say something which is not exactly true, or 
which you would regret afterward. I sometimes envy your 
countrymen their readiness and believe that a native American, 
if summoned out of bed at midnight, could step to his window 
and speak well upon any subject.” I told him I feared he had 
been slightly misinformed; I feared that many American im- 
promptu speeches were more distinguished by a flow of lan- 
guage than of ideas. But Huxley was sometimes very impressive 
when he did not speak. In 1879 he was strongly advocating 



1895. | NEW YORK ACADEMY OF SCIENCES. 45 

the removal of the Royal School of Mines from crowded Jermyn 
Street to South Kensington, a matter which is still being 
agitated. Ata public dinner given by the alumni of the School, 
who were naturally attached to the old buildings, the chairman 
was indiscreet enough to make an attack upon the policy of 
removal. He was vigorously applauded, when, to every one’s 
consternation, Huxley, who was sitting at the chairman’s right, 
slowly rose, paused a moment, and then silently skirted the 
tables and walked out of the hall. A solemn pall fell over the 
remainder of the dinner and we were all glad to find an excuse 
to leave early. 

In personal conversation Huxley was full of humor and 
greatly enjoyed stories at his own expense. Such was the fol- 
lowing: “In my early period as a lecturer I had very little con- 
fidence in my general powers, but one thing I prided myself 
upon was clearness. I was once talking of the brain before a 
large, mixed audience and soon began to feel that no one in the 
room understood me. Finally I saw the thoroughly interested 
face of a woman auditor and took consolation in delivering the 
remainder of the lecture directly to her. At the close, my feel- 
ing as to her interest was confirmed when she came up and 
asked if she might put one question upon a single point which 
she had not quite understood. ‘Certainly,’ I replied. ‘ Now 

Professor,’ she said, ‘is the cerebellum inside or outside of the 
skull?’?” A story of his about babies is also characteristic : 
“When a fond mother calls upon me to admire her baby I never 
fail to respond, and, while cooing appropriately, I take advan- 
tage of an opportunity to gently ascertain whether the soles 
of its feet turn in and tend to support my theory of arboreal 
descent.” 

Huxley as a teacher can never be forgotten by any of his 
students. He entered his lecture room promptly as the clock 
was striking nine, rather quickly and with his head bent forward 
“as if oppressive with its mind.” He usually glanced attention 
to his class of about ninety and began speaking before he reached 
his chair. He spoke between his lips, but with perfectly clear 
analysis, with thorough interest and with philosophic insight, 
which was far above the average of his students. He used very 
few charts, but handled the chalk with great skill, sketching out 
the anatomy of an animal as if it werea transparent object. As 
in Darwin’s face, and as in Erasmus Darwin’s or Butfon’s, and 
many other anatomists with a strong sense of form, his eyes 
were heavily overhung by a projecting forehead and eyebrows 
and seemed at times to look inward. His lips were firm and 
closely set, with the expression of positiveness, and the other fea- 
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ture which most marked him was the very heavy mass of hair 
falling over his forehead, which he would frequently stroke or 
toss back. Occasionally he would lighten up the monotony of 
anatomical description by a bit of humor. I remember one in- 
stance which was probably reminiscent of his famous tilt with 
Bishop Wilberforce at the meeting of the British Association 
in 1860. Huxley was describing the mammalian heart and had 
just distinguished between the tricuspid valve on the right side 
of the heart and the bicuspid valve on the left, which you know 
resembles a bishop’s mitre, and hence is known as the mitral 
valve. He said, “ It is not easy to recall on which side these 
respective valves are found, but I recommend this rule ; you can 
easily remember that the mitral is on the left, because a bishop 
is never known to be on the right.” 

Huxley was the father of modern laboratory instruction, but in 
1879 he was so intensely engrossed with his own researches that 
he very seldom came through the laboratory, which was ably 
directed by T. Jeffrey Parker, assisted by Howes and W. New- 
ton Parker, all of whom are now professors, Howes having suc- 
ceeded to Huxley’s chair. Each visit therefore inspired a cer- 
tain amount of terror, which was really unwarranted, for Huxley 
always spoke in the kindest tones to his students, although 
sometimes he could not resist making fun at their expense. 
There was an Irish student who sat in front of me, whose ana- 
tomical drawings in water color were certainly most remarkable 
productions. Huxley, in turning over his drawing-book, paused 
at a large blur under which was carefully inscribed ‘ sheeps’ 
liver” and smilingly said, “I am glad to know that is a liver; it 
reminds me as much of Cologne cathedralin a fog, as of anything 
I have ever seen before.” Fortunately the nationality of the 
student enabled him to fully appreciate the humor. 

The greatest event in the winter of 1879 was Darwin’s first 
and only visit to the laboratory. They came in together, Hux- 
ley leading slowly down the long narrow room, pointing out the 
especial methods of teaching which he had originated and which 
are now universally adopted in England and in this country. 
Darwin was instantly recognized by the class as he entered and 
sent a thrill of curiosity down the room, for no one present had 
ever seen him before. There was the widest possible contrast 
in the two faces. Darwin’s grayish-white hair and bushy eye- 
brows overshadowed the pair of deeply-set blue eyes, which 
seemed to image his wonderfully calm and deep vision of nature, 
and at the same time to emit benevolence. Huxley’s piercing 
black eyes and determined and resolute face were full of admi- 
ration, and at the same time protection of his older friend. He 
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said afterwards, “ you know I have to take care of him, in fact 
I have always been Darwin’s bulldog,” and this exactly ex- 
pressed one of the many relations which existed so long between 
the two men. 

Huxley was not always fortunate in the intellectual calibre of 
the men to whom he lectured in the Royal School of Mines. 
Many of the younger generation were studying in the univer- 
sities, under Balfour at Cambridge and under Rolleston at Ox- 
ford. However, Saville Kent, C. Lloyd Morgan, George B. 
Howes, T. Jeffrey Parker and W. Newton Parker are repre- 
sentative biologists who were wholly trained by Huxley. Many 
others, not his students, have expressed the deepest indebted- 
ness to him. Among these especially are Prof. E. Ray 
Lankester, of Oxford, and Prof. Michael Foster, of Cambridge. 
Huxley once said that he had “discovered Foster.” He not 
only singled men out, but knew how to direct and inspire them 
to investigate the most pressing problems of the day. As it 
was, his thirty-one years of lectures would have produced a far 
greater effect if they had been delivered from an Oxford, Cam- 
bridge or Edinburgh chair. In fact, Huxley’s whole life would 
have been different, in some ways more effective, in others less 
so, if the universities had welcomed the young genius who was 
looking for a post and even cast his eyes toward America in 1850, 
but in those early days of classical prestige both seats of learn- 
ing were dead to the science, which it was Huxley’s great service 
in support of Darwin to place beside physics, in the lead of all 
others in England. Moreover, Oxford, if not Cambridge, could 
not long have sheltered such a wolf in the fold. 
What Haeckel did for evolution in Germany, Huxley did in 

England. As the earliest and most ardent supporter of Darwin 
and the theory of descent, it is remarkable that he never gave 
an unreserved support to the theory of natural selection as all- 
sufficient. Twenty-five years ago, with his usual penetration 
and prophetic insight, he showed that the problem of variation 
might, after all, be the greater problem; and only three years 
ago, in his ‘ Romanes Lecture,” he disappointed many of the 
disciples of Darwin by declaring that natural selection failed to 
explain the origin of our moral and ethica] nature. Whether 
he was right or wrong, we will not stop to discuss, but consider 
the still more remarkable conditions of Huxley’s relations to 
the theory of evolution. As expositor, teacher, defender, he 
was the high priest of evolution. From the first he saw the 
strong and weak points of the special Darwinian theory; he 
wrote upon the subject for thirty years, and yet he never con- 
tributed a single original or novel idea to it; in other words, 
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Huxley added vastly to the demonstration, but never added to 
the sum of either theory or working hypothesis, and the con- 
temporary history of the theory proper could be written with- 
out mentioning his name. This lack of speculation upon the 
factors of evolution was true throughout his whole life; in the 
voyage of the ‘ Rattlesnake ” he says he did not even think of 
the species problem. His last utterance regarding the causes of 
evolution appeared in one of the Reviews as a passing criticism 
of Weismann’s finished philosophy, in which he implies that his 
own philosophy of the causes of evolution was as far off as ever ; 
in other words, Huxley never fully made up his mind or com- 
mitted himself to any causal theory of development. 

Taking the nineteenth century at large, outside of our own 
circles of biology, Huxley’s greatest and most permanent 
achievement was his victory for free thought. Personally we 
may not be agnostic; we may disagree with much that he has 
said and written, but we must admire Huxley’s valiant services 
none the less. A reformer must be an extremist, and Huxley 
was often extreme, but he never said what he did not believe to 

be true. If it is easy for you and for me to say what we think 
in print and out of print now, it is because of the battles fought 
by such men as Huxley and Haeckel. When Huxley began his 
great crusade the air was full of religious intolerants, and, what 
is quite as bad, scientific shams. If Huxley had entered the 
contest carefully and guardedly he would have been lost in the 
enemies ranks, but he struck right and left with sledge hammer 
blows, whether it was a high dignity of the Church or of the 
State. Just before the occasion of one of his greatest contests, that 
with Gladstone in the pages of the Contemporary Review, Hux- 
ley was in Switzerland, completely broken down in health and 
suffering from torpidity of the liver. Gladstone had written one 
of his characteristically brilliant articles upon the close cor- 
respondence between the Order of Creation as revealed in the 
first chapter of Genesis and the Order of Evolution as shown 
by modern biology. ‘“‘ When this article reached me,” Huxley 
told me, ‘I read it through and it made me so angry that I 
believe it must have acted upon my liver. At all events, when 
I finished my reply to Gladstone I felt better than I had for 
months past.” 

Huxley’s last public appearance was at the meeting of the 
British Association at Oxford. He had been very urgently in- 
vited to attend, for, exactly a quarter of a century before, the 
Association had met at Oxford and Huxley had had his famous 
encounter with Bishop Wilberforce. It was felt that the anni- 
versary would be an historic one and incomplete without his 
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presence, and so it proved to be. Huxley's especial duty was 
to second the vote of thanks for the Marquis of Salisbury’s ad- 
dress—one of the invariable formalities of the opening meeting 
of the Association. The meeting proved to be the greatest one 
in the history of the Association. The Sheldonian theatre was 
packed with one of the most distinguished scientific audiences 
ever brought together, and the address of the Marquis was 
worthy of the occasion. The whole tenor of it was the unknown 
in Science. Passing from the unsolved problems of Astronomy, 
Chemistry and Physics, he came to Biology. With delicate 
irony he spoke of the “ comforting word, evolution,” and passing 
to the Weismannian controversy implied that the diametrically 
opposed views so frequently expressed nowadays threw the 
whole process of evolution into doubt. It was only too evident 
that the Marquis himself found no comfort in Evolution, and 
even entertained a suspicion as to its probability. It was 
well worth the whole journey to Oxford to watch Huxley during 
this portion of the address. In his red doctor-of-laws gown, 

placed upon his shoulders by the very body of men who had 
once referred to him as ‘‘a Mr. Huxley,” he sank deeper into 
his chair upon the very front of the platform and _ restlessly 
tapped his foot. His situation was an unenviable one. He had 
to thank an ex-Prime Minister of England and present Lord 
Chancellor of Oxford University for an address the sentiments 
of which were directly against those he himself had been main- 
taining for twenty-five years. He said afterwards that when 
the proofs of the Marquis’s address were putin his hands the day 
before he realized that he had before him a most delicate and difti- 
cult task. Lord Kelvin (Sir William Thompson), one of the most 
distinguished living physicists, first moved the vote of thanks, 
but his reception was nothing to the tremendous applause which 
greeted Huxley in the heart of that University whose cardinal 
principles he had so long been opposing. Considerable anxiety 
had been felt by his friends lest his voice would fail to fill the 
theatre, for it had signally failed during his Romanes Lecture 
delivered in Oxford the year before, but when Huxley arose he 
reminded you of s venerable gladiator returning to the arena 
after years of absence. He raised his figure and his voice to 
its full height, and, with one foot turned over the edge of the 
step, veiled an unmistakable and vigorous protest in the most 
gracious and dignified speech of thanks. 

Throughout the subsequent special sessons of this meeting 
Huxley could not appear. He gave the impression of being 
aged but not infirm, and no one realized that he had spoken his 
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last word as champion of the law of Evolution. He soon re- 
turned to Eastbourne. Early in the winter he contracted the 
grippe, which passed into pneumonia. He rallied once or twice 
and his last effort to complete a reply to Balfour’s “ Foundations 
of Belief” hastened his death, which came upon June 29th, at 
the age of seventy. 

I have endeavored to show in how many ways Huxley was a 
model for us of the younger generation. In the central hall of 
the British Museum of Natural History sits in marble the life 
size figure of Charles Darwin; upon his right will soon be placed 
a beautiful statue of Richard Owen, and I know that there are 
many who will enjoy taking some share in the movement to com- 
plete this group with the noble figure of Thomas Henry Huxley. 

STATED MEETING. 

November 15th, 1895. 

The Academy met with Vice-President STEVENSON in the Chair; 

about twenty-one persons present. 

There being no regular business, the Section in Geology and 

Mineralogy immediately organized. 

The first paper was read by Prof. J. J. Stevenson. 

NOTES ON THE GEOLOGY OF INDIAN TERRITORY. 

By Joun J. STEVENSON. 

During a visit to Indian Territory in July of 1895 the writer 
found opportunity to make some observations tending to unite 
the work done by Dr. H. M. Chance and Prof. R. T. Hill in that 
Territory, with that done in Arkansas by Mr. Arthur Winslow, 
Prof. Hill and Mr. Griswold,* as well as to suggest relation- 
ships between the Carboniferous of the Territory and Texas. 

* Rk. T. Hill, Ann. Rep. Geol. Sury. of Arkansas for 1888, Vol. II, pp. 11, et. seq. (1888). 
H. M. Chance, Geology of the Choctaw coalfield, Trans. Amer. Inst. M’ng. Eng’rs,, 

Vol. VIII. (1890). 
A. Winslow, The geotectonic and physiographic geology of western Arkansas, Bull. 

Geol Soc. Amer., Vol. II., pp. 225 et. seq. (1891). 
R. T. Hill, Notes on a reconnaissance of the Ouachita mountain system in Indian 

territory, A. J.S., Vol. XLII., pp. 111, et. seq. (1891). 
L. 8. Griswold, Ann. Rep. Geol. Sury. of Arkansas for 1890, Vol. III., pp. 196 et. seq. 

(1892). 
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Mr. Winslow’s final report upon the Coal Measures of 
Arkansas is still unpublished, but he has given me his table of 
succession, which is as follows: 

I. Poteau Stage, 3300’-3900’, consisting mainly of shale, the 
Poteau shale. This interval contains several coal beds, that 
mined at Huntingdon and neighboring localities in northwestern 
Arkansas being the most important and near the base. 

II. Sebastian Stage, consisting of 
a. Greenwood sandstone, 100’, seen in Indian Territory, 

just south from Jensen on St. Louis and San Francisco railroad. 
b. Tomlinson shale, 500’—600’. 
c. Hartwell sandstone, 0’-100’, not present in Indian Terri- 

tory. 
eer. Belva shale, 0’-500’, not present in Indian Territory. 

e. Ozark sandstone, 0’-500’, not present in Indian Terri- 
tory. 

III. Spadra Stage, 0’-500’, consisting of shales and sand- 
stones with several coal beds, the semi-anthracites referred to 
long ago by D. D. Owen and recently described in Winslow’s 
preliminary report on the Arkansas coals. These beds thin 
westwardly and are wanting at the Indian Territory line. 

IV. Norristown Stage, usually consisting of two sandstones, 
the upper, from 0’—200’ and the lower, 100’-200’. At the line 
of Indian Territory, it is represented by one sandstone, 100’ 
thick. 

V. Booneville Stage, consisting of shales and from 400’—2500’. 
It contains coal beds, one below the middle and the other near 

the base. 
VI. Appleton Stage, consisting of 

a. Cross Plains sandstone, 50/-150’. 
b. Russellville shales, 500’-600’, with thin coals near bottom. 
c. Washburn sandstones, 500’—600/. 

VII. Danville Stage, not differentiated. 
The base of the coal measures was not reached in the area 

studied by M. Winslow, and the beds of the Danville Stage were 
not measured. 

The continuity of the series into Indian Territory is clear 
even to one traveling on a railroad train, but the erosion is so 
great that details of succession can be obtained only by patient 
study supplemented by records of boreholes. The sandstone 
ridges separated by swales marking areas underlain by shales 
are easily followed, and their curves exhibit well the structure of 
the region, while they afford the means of determining the place 
of the several coal beds. Dr. H. M. Chance spent several 
months of 1890 in studying the region along the line of the 
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Choctaw, Oklahoma and Gulf railway, where he succeeded in 
working out the succession. His section is as follows :* 

Poteau Stage. 

Ls Sandstones. and. shales. 2: ecyerve crates 1200’ 
2. Kavanaugh cdal bed vn. .enese bien Ee ee 4/ 
8. Sandstones and shales........ ait calislt eade «eon 40567 
A. Secor Cogl Wed: cisco ca eee eee g/ 6/7 
5. DNS hie. ee EEN MEAIAN 2 cece Pe ae 30’ 

Tomlinson Stage. 

6. Sandstone....... : BAER er Seat Mace, - 50’ 
NSS ie ss Satela cee oe Ca Oe eee 320’ 
SS angstOnes* —) oc .ohe Se cc Cee eee 100’ 
9. Shales with coal, ’3’ near bottom... 2... ee 220/ 

Norristown Stage. 

10i.Sandstone ies side ena eee 5o401004 

Booneville Stage. 

ADD, AR EMUET Seay sic? 5, clin cleus have, ccs eto wae cx id BP oGee ee 200’ 
LO s aS MO SLONG yikes: 8, asc ag dec geps cit ee eee aiatertaans 50/ 
Ase Siva sate boo ver ec, tee eee rr A te 130’ 
DIN OPINTOM \CODUUCE sis nibe-c. 28d & Lees cccbete Se ee a 
16. Shales and sandstones, thin coals ......... 600’ 
WT CAV ester COWl DEE ocvaccte 60 So oa ee ke oe 4! 
LS. SNA les Th sans ohetectels wis «icles e Seale 500/ 
VO. SamaehOWe. 1s forse Gus oes cd has ae eae eee 100’ 
20. Shalesawith thin GOsIs: ...% <2 Giessn ecco 700’ 
Di. Grady Coal Ged ok. saw miele ama ate 4! 

Appleton Stage. 

29. Sandstone.’Cross Plains’ s.. fs.) “oe 200’ 
23. Shales, not measured. 

Below the shales Dr. Chance found a limestone which he was 
inclined to regard as possibly Lower Carboniferous. 

The highest beds of the column are reached on Kavanaugh 
and Sugar Loaf mountains, in the Sugar Loaf synclinal of Wins- 
low, which holds the Huntingdon coal of Arkansas. Dr. Chance’s 
section evidently reaches higher beds than are found in Arkan- 
sas, but it is possible that the thickness may be exaggerated 
somewhat, as there was no opportunity to check the observations 
by means of borings. The coal bed, termed by him the Kava- 
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alternations of shale and coal, in all from 3’ 6’’ to 5’ 1”’ thick. 
It is evidently one of the higher coal beds found within the 
Poteau shales in Arkansas. Possibly the bed worked formerly 
at Poteau station in that synclinal, may be the same with the 
Huntingdon coal bed. But this is only a conjecture, as the beds 
were not traced. 

The Greenwood sandstone of the Sebastian stage could not 
be recognized on the southerly side of the Sugar Loaf synclinal, 
there being more than one sandstone which would meet the re- 
quirements, and the equivalent of that bed can be determined 
only by direct tracing from the typical locality in Arkansas, 
there being no limestones or other definite horizons to save one 
that labor. The line between the Poteau and Sebastian is drawn 
arbitrarily. 

The Booneville Stage is that of most interest in the Indian 
Territory and is exposed in a series of narrow, rudely éast and 
west synclines from the Arkansas line and along the Choctaw, 
Colorado and Gulf railroad to beyond McAlester, on the Mis- 

souri, Kansas and Texas railway. Dr. Chance’s study of this 
division was especially detailed and satisfactory. Since his in- 
vestigations, in 1890, the beds nave been traced eastward from 
the Choctaw road to the Arkansas line and extensive mining 
operations have been carried on in the Territory, but all recent 
investigations tend only to confirm the accuracy of his work.* 
The Booneville consists of a great mass of shale with beds 
of sandstone from 50 to 150 feet thick, which form bold ridges, 
by means of which the coal beds can be traced. Eleven 
coal beds occur in this series, only two of which have 
been found economically important. The Grady coal bed is 
at the base of the division, separated by only a few feet, 
rarely more that forty, from what the writer takes to be 
the Cross Plains sandstone. It appears to be comparatively 
unimportant near the Missouri, Kansas and Texas road, but in- 
creases in importance eastward and is mined at Hartshorne, in 
what is known as the Grady basin, and on the St. Louis and 
San Francisco railroad, at the Bryan mine. It has been traced 
and proved by prospect holes into Arkansas, where it is shown 
on the southerly side of Poteau mountain. Its thickness near 
Hartshorne is from 3/ 6/’ to somewhat more than 4’, and the 
coal is of excellent quality, being clean and bearing ‘handling 
well. It cokes readily, but no effort has been made to utilize it 
in that manufacture. 

*Tam under very decided obligations to Mr. Francis I. Gowen, President of th 
Choctaw, Oklahoma and Gulf railroad, and to Mr. Edwin Ludlow, General Superin- 
tendent of Mines, as well as to Dr. E. N. Wright, of Atoka, for material assistance and 
for many courtesies while in the Indian Territory. Also to Dr. Chance, who has given 
me the use of his notes. 



d4 TRANSACTIONS OF THE [Nov. 18, 

The McAlester bed, about midway in this division, attains its 
chief importance near the Missouri, Kansas and Texas railroad, 
being mined at McAlester, Krebs and Alderson, It is from 3’ 
6’ to 4’ thick at McAlester, but before reaching Arkansas, ac- 
cording to Mr. Mitchell, the Choctaw Coal Company’s prospec- 
tor, it becomes too thin to be of any importance. The coal is 
good, but is is somewhat tender, and does not bear handling so 
well as does that from the Grady bed; it gives off abundant 
soot in burning. This bed was worked at one time near Savanna, 
south from McAlester, but the mine was abandoned owing to in- 
creasing steepness of dip. Probably the same bed is mined at 
Lehigh and Coalgate,about ten miles northwest from Atoka, on 
a branch of the M. K. and T. railroad, about 35 miles from Mc- 
Alester; the coal is said to be equally g ‘good. 

The coals show a notable decrease eastward in the amount of 
volatile, as one might expect from the Arkansas conditions de- 
scribed by Mr. Winslow. The variations are best shown in the 
Grady coal, as the analyses of that bed have been made from 
samples collected at mines in several basins between Hartshorne 
and the Arkansas line. They were made by Mr. A. S. McCreath 
for Dr. Chance. The fuel ratios are as follows: 

1. Average of 8 analyses in Grady basin ............ whee stleene 
2. Average of 2 analyses in McKinney basin 10 miles east. 1.35 
3. Coal from Bryan mine, 20 miles further east ........... 2.10 
4. Coal from pit in Mitchell basin near Arkansas line......3.77 

The especial interest lies in the fact that the decrease in vola- 
tile bears no relation to the disturbance in the strata, there being 
no increase of disturbance eastward in Indian Territory or in 
Arkansas; on the contrary, the disturbance of the rocks shows 
little change in the Territory, while in Arkansas it practically dis- 
appears as one approaches the area of semi-anthracite. 

The rocks of the Appleton and Danville stages below the Cross 
Plains sandstone are not exposed except in a fragmentary way 
in the shallow ditches through which petty streams flow. That 
sandstone makes a well defined ridge, which is the southern 
boundary of the coal region proper. The lower beds are almost 
wholly shale, only one bed of sandstone, very thin, being rigid 
enough to form a ridge. 

The coal area is cut off abruptly at the south, between the 
Arkansas line and the Missouri, Arkansas and Texas railroad, by 
a limestone ridge or rather a succession of ridges, there being 
at least six of them south from Hartshorne. An exposure of 
shale at a few rods from the most northerly ridge shows a north- 
ward dip, while the limestone in all of the ridges crossed near 



1895. | NEW YORK ACADEMY OF SCIENCES. a, 

Hartshorne dips southwardly. The first suggestion is that a 
fault brings up the limestone, but the more probable condition 
is that of overturned anticlinals, as the anticlinal structure is 
very distinct in the ridges. One bed was discovered just before 
our return to Hartshorne, which will yield an abundant harvest 
to a skillful and patient collector. The specimens obtained at 
the outcrop are in poor condition and suffice only for determi- 
nation of the genera. Prof. R. P. Whitfield recognized in them 
Zeacrinus, Fenestella, Humetria, Athyris, Nucula, Yoldia and 
Cladodus, with characters referring them to the Upper Carboni- 
ferous. This series of ridges is continuous into Arkansas and 
is the guide to the coal prospector working eastwardly in Indian 
Territory. The coal measures are reached again south from 
them, but no mining operations have been undertaken there. 

The only limestone seen by the writer above this mass is a 
thin bed observed along the Missouri, Kansas and Texas rail- 
road south from Savannah, and again on the same road south 
from the limestone ridge near Atoka. Dr. Chance found a fos- 
siliferous limestone on the Choctaw railroad east from Hart- 
shorne. 

From the Arkansas line to McAlester, this coal field has an east 
and west strike and the structure, as pointed out by Dr. Chance, 
is Appalachian. One finds here a series of short, overlapping 
anticlines enclosing typical canoe-shaped synclines, termed by 
Dr. Chance the Mitchell, McKinney, Grady and McAlester 
basins. The dips are comparatively gentle, 5 or 6 degrees, 
where the axes overlap, but become 50 or even 60 degrees along 
the sides of the basins. And this condition continues for pos- 
sibly 25 miles westward beyond McAlester. As one approaches 
McAlester from the east, the overlapping anticlines become 
stronger and the basins more numerous, so that the outcrop of 

the coals reaches further south. To what extent the Limestone 
ridge is affected by these local folds cannot be determined dur- 
ing a hasty ride, for the petty ridges composing it are not per- 
sistent, having suffered so much from erosion, so that one might 
easily be misled as to the direction. It is certain, however, that 
the ridge, as a whole, is bent southwestwardly from Wilburton 
on the Choctaw railroad to Limestone Gap, on the Missouri, 
Kansas and Texas road, in accordance with the widening of the 
coal area. 

At Limestone Gap, 27 miles south from McAlester, the rail- 
road passes through the Limestone ridge and thence runs but 
little off the strike almost to Atoka, 46 miles south from Mc- 
Alester. On the southerly side of the ridge the rocks are dip- 
ping almost southeastward at not more than 30 degrees. But here 
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the trend is changed abruptly and the limestone ridge, which 
from Wilburton has been holding a widely southwest direction, 
is bent sharply southward and the dip changes so as to be al- 
most eastward and very steep, 40 to 70 degrees, sometimes little 
less than vertical. ‘he strike is not true but, as pointed out by 
Prof. Hill, the limestone appears to be bent westward at several 
places. This is evidence of overlapping anticlines here as on 
the Choctaw railroad. The ridge is distinct as far as String- 
town, 38 miles from McAlester, but thence decreasing, it dis- 
appears before Atoka has been reached, for it is wanting where 
its place is crossed by the branch road from Atoka to Lehigh 
and Coalgate, the only limestone seen along that branch being 
the thin bed already mentioned as seen just north from Atoka, 
on the main line. Prof. Hill found it further southward, but the 
writer failed to discover it at two miles south from the Lehigh 
branch. The axis must pass very near where the thin limestone 
was seen, for coal occurs at about two miles west from Atoka, 
where the rocks are dipping westward. The mines at Lehigh 
and Coalgate are on the opposite side of the basin. 

The abrupt elevation of the Limestone anticline northward 
affects the distribution of the coal and clearly causes a very 
rapid narrowing of the basin, for Mr. McConnelly, the Atoka 
Coal Company’s prospector, says that the coal is cut off by the 
Limestone Hills at several miles north from Coalgate. 

It was the writer’s intention to go across the country from 
Lehigh to Dougherty, a station 80 miles away, on the Gulf, 

Colorado and Santa Fé railroad, but the long-continued heavy 
rains, unusual in summer, rendered it probable that the rivers 
could not be forded and the project was abandoned. Limestone 
in great quantity and with almost vertical dip is reported as 
occurring at several localities in this interval. Manganese oxide 
and magnetite have been obtained in limestone, more or less 
oblitic, at not more than 20 miles from Lehigh, near the line of 
the proposed Denison and Northern railroad. Limestone is said 
to occur at Stonewall, also on the Canadian river near the Choctaw 
railroad crossing, and on the Dougherty road about 25 miles 
from the latter place. The last may be the work referred to by 
Prof. Hill as of Silurian age.* 

The conditions along the Gulf, Colorado and Santa Fé rail- 
road are wholly unlike those observed in the eastern part of the 
Territory. At Purcell, on the Canadian river, on the border of 
Oklahoma, one is in the *‘ Red beds,” beds of soft sandstone and 

*The region north and south from Lehigh was studied with great care by Prof. 
Orestes St. John several years ago, but the writer was not aware of this fact until he 
reached Lehigh, so that he was unable to take advantage of the investigations. 
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shale, whose age has not been determined satisfactorily. They 
bear little resemblance to the Permian beds of Texas, but they 
are not far from where the Permian beds ought to be. South- 
ward from Purcell to Davis, about 39 miles, the region is broadly 
rolling prairie without any exposures within a considerable dis- 
tance from the railroad ; but midway between Davis and Dough- 
erty a bold limestone ridge is crossed, whose anticlinal structure 
is well shown in the deep cuts. This ridge is formed of bare 
hills passing within a short distance back of Dougherty. As it 
has a southeasterly trend, it is evidently the anticline passing 
southeast from that place at the junction of Rock and Buckhorn 
creeks. It is crossed by the Denisonand Northern line at about 
6 miles southeast of Dougherty. 

On Buckhorn creek, at about 5 miles from Dougherty, a bed 
of asphaltic limestone was mined as coal some years ago. The 
fragments seen at the pit were so decomposed that the nature of 
the rock could hardly be determined. The bed is about 12 feet 
thick and lies between conglomerates, each about 15 inches. 
Some bright asphaltum, probably gilsonite, occurs in small quan- 
tity. This was used as fuel at Dougherty, but was not satisfac- 
tory. It gave off intense heat, but did not break up, and the re- 
siduum was removed with difficulty. 

The asphalt was seen again near the same stream at about 8 
miles from Dougherty, where prospecting was going on for the 
St. Louis Gilson-Asphaltum Company. The opening is a strip- 
ping along the crop, which no longer exhibits the full thickness, 
which is said to be 14 feet The overlying bed is a conglome- 
rate as at the other exposure, about 18 or 20 inches thick, con- 

sisting mostly of caleareous pebbles, but containing some which 
are silicious and have an onyx-like structure as though they had 
resulted from replacement. A similar conglomerate is said to 
underlie the bed, but it is not exposed at the excavation. The 
asphalt is a tough limestone, very dark brown on the fresh sur- 
face, but becoming gray after long exposure. The distribution 
of the bitumen causes some variation in tint, the lighter color 
prevailing where the bitumen is concentrated along lines and not 
evenly distributed. The percentage of bitumen is reported to 
average not far from 17 and to be as much as 25 in some of the 
samples. It is said to be rather harder than that in most of the 
other asphalts brought to the American market. The bitumen 
fuses when the rock is exposed for several hours to the summer 
sun of Indian Territory, so that the surface of fragments be- 
comes covered with a brilliant coating. Small bunches of bright 
asphaltum, said to be gilsonite, are found frequently. The 
dip at this pit is westward, but the outcrop on the opposite 
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side of the trough was pointed out by the foreman of the 
work.* 

A curious and interesting feature is the mode of preservation 
of the fossils occurring in this rock. They are mostly cephalo- 
pods and the shells are as well preserved as are those of mol- 
lusks in the Fort Pierre shales. The brilliancy of the nacre is 
retained, the several laminz of the larger shells are distinct and 
in some of the smaller orthoceratites the shell is almost trans- 
lucent. The condition of preservation suggests that the bitu- 
men was introduced at a very early stage of the rock’s history. 
The weathered portions of the rock exhibit broad bands of 
vegetable origin, the possible source of the bitumen so thoroughly 
disseminated.+ 

Prof. Alpheus Hyatt examined the nautiloid forms found 
here and recognized Solenocheilus collectus M. & W., and Meto- 
ceras cavatiformis Hyatt; the former species being represented 
by a huge fragment. Other forms occur, but the specimens are 
too imperfect for identification. Orthoceras is abundantly rep- 
resented, but the forms are not those of the ordinary species and 
may be new; Naticopsis altonensis McCh., Huomphalus sub- 
rugosus, Bellerophon sp. near B. hiuleus, Solenomya sp. and 
Orthis pecosit were obtained. The rock is abundantly fossi- 
liferous, though the number of forms does not appear to be great. 

No fossils were observed in the limestone cut by the railroad 
north from Dougherty, but the succession is so regular that 
there seems to be little room for doubt that those beds belong 
to the Carboniferous, and that they should be put into the Coal 
Measures. This portion of the section, as is shown by the fos- 
sils, is equivalent to the Bend division of the Texas Coal Meas- 
ures described by Prof. Cummins.} 

Southward from Dougherty, the railroad soon enters the Ar- 
buckle mountains and reaches limestone cliffs within two miles 
and a half from the station. For somewhat more than two 
miles further it follows the canon of Wichita river, whose walls 
are limestone bluffs in which the beds dip northwest to almost 

*Mr. C. O. Baxter, President of the Gilson-Asphaltum Company, informs me that 
since my visit a new mine has been opened on the opposite side of the trough, about a 
mile and a half west from this excavation. There the limestone is about 20 feet thick, 
with barely one-fifth of 1 per cent. of silicious matter. The bitumen is from 8 to 10 per 
eent. and of what may be termed the normal consistency. The chemical analyses 
show that this rock is very closely similar to that from Valde Travers and Seyssel. 
The fossil remains in this pit are reported to be different from those in the other. 

+In this connection reference may be made to the fact that petroleum has been 
obtained in moderate quantity at about 40 miles northeast from Dougherty on a con- 
cession belonging to Dr. E.N. Wright. The exploration, however, is not extensive and 
nothing is known respecting the value of the deposit. 

tSecond annual report of the Geological Survey of Texas, 1891, pp. 360-367. Mr. E: 
T. Dumble, State Geologist of Texas, writes me, that prior to my visit, he had been at 
Dougherty and had recognized the equivalence of these rocks with the Bend of Texas: 
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north, and southeast to almost south, at from 20 to 80 degrees. 
Prof. R. T. Hill devoted much labor to the investigation of this 
gorge, but was unable to determine the structure, which is cer- 
tainly more than ordinarily perplexing. A sharply defined fault 
is shown in the long side cutting just beyond where the road 
first reaches the river, and another at the gravel pits, say half a 
mile further south. The ridge has a southeastward trend and 
can be traced for a considerable distance even by one riding on 
a railroad train; but it is cut off abruptly toward the southern 
border of Indian Territory, where one comes to the lower beds 
of the Cretaceous. 

Prof. Hill’s collections in the Wichita gorge proved the occur- 
rence there of palaeozoic rocks from Trenton to Oriskany. Car- 
boniferous beds are found again on the southerly side of the 
mountains, and near Ardmore is an asphalt deposit, which 
promises to be of some economic importance. 

Direct tracing of the Coal measures from Arkansas into Texas 
seems hardly possible, for the Cretaceous overlap at the foot of 
the Ouachita mountains extends for two-thirds of the southern 
line between Texas and Indian Territory. Prof. Hill’s ‘“ Red 
Beds” are shown by him to be continuous from Texas into the 
Territory around the westerly end of the Arbuckle mountains. 
But those beds can hardly prove very useful. The writer in 
company with Prof. Cummins, of the Texas Survey, visited the 
region whence Permian fossils have been obtained, about 150 
miles northwest from Fort Worth. If the beds in that region 
are the same with the ‘‘ Red Beds” at Purcell and southward in 
Indian Territory, one will need fossils to prove the identity, for 
the lithological characters are wholly dissimilar ; still the inter- 
val between the localities is considerable and change in charac- 
ters may be gradual. 

The limestones of Indian Territory afford the best means of 
correlation at present. The Bend stage in Texas, as described 
by Cummins, is near the base of the Upper Carboniferous ; its 
special fauna is found in the limestones near Dougherty ; the 
limestones of the Choctaw nation occupy a similar place in the 
section. The writer feels justified in regarding the Choctaw, 
Dougherty and Bend limestones at practically the same horizon ; 
and in concluding that, during the early portion of the Upper 
Carboniferous, like conditions prevailed from Arkansas to cen- 
tral Texas. To work out the upper portion of the section in 
central Indian Territory will prove tedious, as the region has 
been base-leveled and the rolling prairie shows few exposures. 

Messrs. Hill, Winslow, Griswold and Chance have studied the 
Ouachita mountain system of western Arkansas and the Indian 
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Territory, and have recognized the similarity of its structure to 
that of the Appalachian chain; but while the similarity has been 
recognized, a notable contrast has been observed, the trend of 
the Ouachita being approximately east and west, while that of 
the Appalachian is approximately north and south. 

The similarity is indeed very striking, but the contrast is far 
from being so important as might be imagined at the first glance. 
The Appalachian type of structure is especially distinct to some 
distance west from the Missouri, Kansas and Texas railroad. 
Overlapping anticlines and synclines are numerous, so that the 
coals in the Choctaw nation are found in basins and the sand- 
stone outcrops follow zigzag lines. The conditions are not so 
prominently distinct beyond that railroad and southward from 
the latitude of McAlester, as the region has been base-leveled, 
and the folds, being less prominent, have less influence on the 
topography ; but the conditions can be traced out without diffi- 
culty for many miles southward. 

The resemblance to the Appalachian structure, however, is 
not confined to the overlapping anticlines and synclines; it is 
equally marked in variation of the trend. At Wilburton, on the 
Choctaw, Oklahoma and Gulf railroad, about 60 miles west from 
the Arkansas line, the main trend as shown by the Limestone 
Hills, is bent south of west, then southwest, and this latter course 
is held for about 45 miles to Limestone Gap, where it is changed 
to west of south. This direction continues for 20 miles as fol- 
lowed by the writer, and Prof, Hill appears to have traced it for 
probably 10 miles more, thus giving about 75 miles for the 
southerly trend. How much further this course is held cannot 
be determined, for at a little distance further one comes to the 
Cretaceous overlap, marked out by Prof. Hill, which conceals 
the older structure. The Ouachita system, as a topographical 
feature at least, seems to have its eastern limit not far from 

Little Rock, Arkansas. The westward trend extends thence to 
near Wilburton, on the Choctaw railroad in Indian territory, 
about 140 miles in a direct line; thence the southerly trend con- 
tinues for not less than 75 miles or somewhat more than one- 
half of the other. 

This is precisely the type of variation shown by the Appa- 
lachian trend in Pennsylvania and Virginia. From the Schuyl- 
kill river to southern Perry County in the former State, about 
90 miles in direct line, the course is south of west ; abruptly 
changing, it becomes west of south and so continues for about 
250 miles to near New River, Virginia, where it again becomes 
south of west, which direction is maintained for about 100 miles, 
to a short distance beyond the Tennessee line. The sweep of 
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trend in each case is quite as sharp as that of the Limestone 
Hills* in the Choctaw nation. This similarity is so striking 
that one is tempted to imagine that the Ouachita folds within 
Arkansas, when followed out in detail, may be found to show a 
northward bend in their trend and may prove to be connected 
with some system of folds in Missouri, so that the Ouachita 
may resemble the Appalachian in a general northeastward and 
southwestward trend, but with the east and west portions pos- 
sibly longer than the north and south. 

Thus far no reference has been made to the granitic area and 
the Arbuckle mountains west from the Missouri, Kansas and 
Texas railroad in the Chickasaw nation. The writer had no 
opportunity to examine any except the western portion of that 
region. He is inclined, however, to regard it as belonging to 
an older system of folds and as wholly independent of the 
Ouachita, its peculiar structure and singular complexity being 
in striking contrast to the beautiful simplicity of the Ouachita. 
Undoubtedly it was affected by the post-Carboniferous elevation 
of the latter system, to which much of the distortion of dips 
may be due. To the same cause, indeed, may be attributed the 
contradictory dips and trends exhibited by the Carboniferous 
rocks near Dougherty, on the Santa Fé railroad. 

The Chickasaw region between the Missouri, Kansas and 
Texas, and the Gulf, Colorado and Santa Fé railroads deserves 
careful investigation. The only examination, thus far made, is 
the reconnaissance by Prof. Hill, which, considering the difficul- 
ties under which it was made, was singularly fruitful in results 

The second paper of the evening was read by Prof. J. F. 

Kemp, “ Zine and Lead Mines in Southwestern Virginia.’’ 

The paper was based upon a visit of the speaker to the mines 

the past summer. It showed their geographical distribution 

and the general geology of the country. By means of lantern 

views from photographs taken on the spot, the excessive sub- 

aerial decay of the blende bearing limestones was made clear, 

and the occurrence of the zinc in the shape of calamine as crusts 

upon the decomposed limestone and beneath the overlying 

‘mantle of clay. It was stated that the chemical reaction which 

had lead to the formation of the ore must have taken place at 

the ordinary poere; and one to the influence of the 

* These have been selected as they are the Seen fonostapbic te rae, of the region 
The structure is shown equally well by other members of the section, of course. 
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common agents, such as carbonated atmospheric waters, sul- 

phuric acid and sulphate of zinc, produced by the decay of the 

blende and from the action of the silica in the original limestone. 

The speaker did not attempt to illustrate the matter further, but 

cited it as an interesting subject for experiment and investiga- 

tion. The paper was illustrated with numerous specimens and 

with the lantern. Discussion by the Chairman and others 

followed. 

The Academy then adjourned. 
J. F. Kemp, Secretary. 

Pustic LECTURE. 

November 25th, 1895. 

The first public lecture of the course of 1895-6 was delivered 

at the Law School of Columbia College by Mr. Cornelius Van 

Brunt, on * The Natural Flora of Bronx Park.” 

The lecturer only treated of the flowering plants. His re- 

marks were illustrated by a large series of beautifully colored 

lantern slides, and was of especial interest on account of the 

close association of the Academy with the newly organized New 

York Botanical Garden, which will occupy Bronx Park. 

About 150 people were present. 
J. F. Kemp, Secretary. 

STATED MEETING. 

December 2d, 1895. 

The meeting was called to order, President Rees, in the chair. 

There were about twenty-five members and guests present. 

In the absence of the Secretary, W. Hallock was appointed 

Secretary pro tem. Minutes of preceding meeting were read 

and approved. 
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E. R. Van Nardroff was elected resident member; and H. P. 

Cushing, of Adelbert College, Cleveland, Ohio, and C. Lloyd 

Morgan, of University College, Bristol, England, were elected 

corresponding members. 

Prof. N. L. Britton presented the report of the Committee on 

the Audubon monument, and asked that the Committee be dis- 

charged. He reported the satisfactory completion of the monu- 

ment and the placing of the new die, which was guaranteed for 

at least two years. He announced that after all the expenses 

of the monument had been paid a balance of $1,797.25 remained 

in hand, which the Committee therewith turned over to the 

Treasurer of the Academy, together with the following resolu- 

tion: 

Resolved, That after all bills incurred by the Committee shall 
have been paid, the Secretary and Treasurer shall pay over the 
balance to the Treasurer of the Academy, under the title, 
“Audubon Publication Fund,” the interest of which shall be an- 
nually devoted to the publication of a memoir on some zodlogi- 
cal or botanical topic, if a paper suitable for such memoir shall 
be presented. If no such paper shall be presented during any 
one year, the interest shall be allowed to accumulate until one 
is presented. Memoirs published by this fund shall be so 
designated. 

A committee was appointed to audit the accounts of the 

report. 

There being no further business before the Academy, the 

Section in Astronomy and Physics then organized, with Prof. 

Woodward in the chair. 

The first paper was by Prof. Harold Jacoby, on “ The Deter- 

mination of Division Errors in Straight Scales.” Prof. Jacoby 

simply read the introduction to the paper and outlined the method. 

Thereupon, with the permission of the Chairman, he read a his_ 

torical description of the observatory at the Cape of Good Hope 

The second paper was by C. A. Post, on “ Photographs of the 

Lunar Eclipse of September 2, 1895.” The photographs ex. 

hibited were very beautiful and brought out some interesting 

points with reference to the time of exposure. 
% 
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The third paper of the evening was by Prof. J. K. Rees, on 

“Drawings made by Percival Lowell of the Markings on the 

Planet Mars.” These drawings corroborate to a very remarka- 

ble degree the observations of Schiaparelli. The drawings pro- 

voked an animated discussion in which Profs. Mayer, Rees, 

Post, Jacoby and Hallock took part. The prevailing opinion 

seemed to be that, although Mr. Lowell deserved much credit 

for great application and labor, we must await further corrobora- 

tion before accepting his rather extreme theories. 

The Academy then adjourned. 

Wm. Hattock, Secretary. 

DECEMBER 2, 1895. 

To the New York Academy of Sciences: 

Your committee appointed October 3, 1887, with power to 

solicit funds for the erection of a monument to John James Au- 

dubon and to construct the same, would respectfully refer to 

the reports submitted by them on November 5, 1898, and Feb- 

ruary 26,1894, and would further report as follows, and request 

that they now be discharged. 

We have caused the die of the monument, which was found 

defective after it had been put in place, to be replaced by a new 

one. This newstone was inserted in May of the present year, and 

gives every evidence of satisfaction ; it is further guaranteed by 

the following letter from the stonecutters, herewith submitted : 

Ropsert C. Fisoer & Co., East Houston St., ) 
New York, November 13, 1895. ) 

Dr. Egleston, 85 Washington Square, New York City: 

Dear Sir: We guarantee the Audubon monument from split- 
ting or cracking for a period of two years. 

Yours truly, R. C. Fisoer & Co. 

The committee has paid the balance of the bill due Messrs. 

Fisher & Co., and would submit the following financial state- 

ment: 
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STATEMENT. 

Total receipts from subscriptions, as reported on Noy. 5, 1893..... $10,525.21 
Interest on sums deposited in the New York Life Insurance and 

rust) Company ras per VOUCMELSasecn-cese nce ence cesses ace eres 674.91 
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Disbursements by the committee to Nov. 3, 1893, as reported 

IN GVO SOD sacs. Oieararecacuceeataeaeeectesierce peg aceencmee ee enren creeds $6,645.07 
Jan. 25, 1894, ars of G. R. W. Notman for photographs ( voucher 

D4) aaenae < eatends sieninidiiis as ansasiconeasaceceaetaemmeccenatces 82.25 
Jan. 31, 1894, Wrapping, addressing and postage, reprints, re- 

MOLrtOlcommMiitbee.-...:...osce-ressersese cae ce seen atone 33.00 
Feb. 5, 1894, Bill of the New Era, reprints, report of commit- 

BEC MUI) easier sasld neon ctea ieltahuarcapiee debe ete See meme mene 22.05 
April 5, 1894, Bill of L. S. Foster, extra prints of invitation 

CARAS (OO) Seite ak ati secon. Sant tee cea Meteo eee 10.00 
Noy. 16, 1895, Balance due R. C. Fisher & Co., on construction 

Of pan eb (7): 22255 022505 Locaclese tos votes ase eeesen 2,600.00 
Noy. 29, 1895, Postage and clerical assistance to date............... 10.50 

MRGtalkGIS PURSeMLEMES cea jstas sesamin ses sesine doteas Sewers $9, 402. 87 
SRO Calls emietasce dee sscd-macinsttsessssasscssssntocsasccessece 

SUMMARY. 

Kotalirecerpts of) the COMMIGLEC Aes). sees ceed-Gacaccotcassscseccessecscene $11,200.12 
ERG tele LISD UTS CMUCIES or ca cmeisae ee nate slo eiuinsiiesaetle classi spr decsiieule’sse ss nerines 9,402.87 

1B) D016 ya cBono Ca CeCO Os SC TRUCE CBD O DCL OnEERapc te copEerbed $1,797.25 

Checks for this balance, payable to the order of the Treasurer 

of the Academy are herewith presented. 

In paying over this sum, the following resolution of the com- 

mittee, adopted May 1, 1893, and accepted by the Academy as a 

part of the report of the committee on November 5, 1893, is 

submitted : 

Resolved, That after all bills incurred by the committee shall 
have been paid, the Secretary and Treasurer shall pay over the 
balance to the Treasurer of the Academy under the title “ The 
Audubon Publication Fund,” the interest on which shall be 
annnally devoted to the publication of a memoir on some zo- 
ological or botanical topic, if a paper suitable for such a memoir 
shall be presented. If no such paper shall be presented during 
any one year the interest shall be allowed to accumulate until 
one is presented. Memoirs published by this fund shall be so 
designated. For the committee, 

N. L. Brirrton, 

Secretary and Treasurer. 

TRANSACTIONS N. Y. ACAD. Scr. Vol. XV., Sig. 5, April 3, 1896. 
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STATED MEETING. 

December 9th, 1895. 

The Academy met, with Prof. Brirron in the chair. There 

was an attendance of about thirty (30). 

In the absence of regular business, the Biological Section at 

once organized, Prof. William Stratford becoming Temporary 

Chairman. 

On motion of Prof. Stratford, a report of the Huxley Me- 

morial Committee was deferred until the following meeting. 

The nominating committee then reported the names of Profs. 

J.G. Curtis and C. L. Bristol as candidates for the Sectional 

Chairmanship and Secretaryship, and a motion empowering the 

Secretary to cast the vote electing them was carried. 

Prof. C. L. Brisron presented a paper on “ The Classification 

of Nephelis in the United States.” He first referred to the 

various systematic reviews of the genus, and then showed from 

an examination of a great range of specimens from New England 

to Dakota that coloration could in no way be depended upon 

for the determination of species, and that a careful examination 

of his material, based upon a study of metameral characters, 

rendered it exceedingly probable that no more than a single 

species is represented in this country. 

Prof. Henry F. Osporn, deferring his paper on the “ New and 

Little Known Perissodactyla of the Lower Miocene Lake Basin, 

South Dakota,” referred briefly to the work of the American 

Museum in preparing for the exhibition of skeletons of the 

Titanotheres, and exhibited a number of drawings and a lantern 

slide showing the entire skeleton of Zitanotherium robustum. 

This is remarkable in possessing but twenty dorso-lumbar verte- 

bree, a number identical with that typical of the Artiodactyla, 

but entirely unique among Perissodactyla. It now appears 

probable that the development of horns in the Titanotheres was 

a purely sexual character, and that the genera Titanops, Marsh, 
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and Brontops, Marsh, are founded respectively upon male and 

female individuals of the Titanotherium robustum. 

Dr. J. L. Worrman then reported on the “ Expedition of 1895 

of the American Museum of Natural History,” illustrating his 

paper by many lantern slides. The expedition passed into the 

Uinta Beds of northeastern Utah, then between the eastern 

escarpment of the Uinta range and the Green River, into the 

Washakie Beds of southwest Wyoming. The most important 

result geologically was the discovery that the Brown’s Park 

deposit is of a much later age than the Uinta. 

BASHFORD DEAN, 

Secretary of Section. 

ADAPTATION OF THE SHELL OF CREPIDULA FOR- 

NICATA TO THE SHELL OF PECTEN JACOBAUS. 

By ARNOLD GRAF, Pu. D. 

(Read before the Academy of Sciences of New York, Nov. 11, 1895.) 

During August, 1895, Mr. Frank Walmsley, preparator, showed 
me a shell which he had collected, and he was friendly enough 
to permit me to take a careful sketch of it, in order to write 
a paper about it. The shell was found at Wood’s Holl, Mass., 
where I happened to be at the time. I express my best thanks 
to Mr. F. Walmsley, for his kindness in granting me the 
privilege. 

The shell in question is a scallop-shell, on which a specimen of 
Crepidula fornicata is attached. Crepidula is often found 
clinging to Limulus, lobsters, scallops and many different shell- 
fish. As arule Crepidula presents an entirely smooth surface, 
on which only the concentric growth-lines are conspicuous. 

In the present case, however, the Crepidula shell shows 
marked grooves and ridges on its surface, which run in right 
angles to the growth-lines. This is clearly an adaptation to the 
well-known ridges in the surface of the scallop. 

The case must be a rare one, as in order to get such long 
ridges we must assume that the animal clung to the scallop 
when it was quite young, and did not move away during its 
whole life. 

The mechanical cause of the ridges in the shell is very appar- 
ent. The edge of the soft ‘‘mantel ” was pressed unto the surface 
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of the pecten-shell and followed closely every groove and ridge 
of the latter. As the lime-salts, which constitute the shell-sub- 

stance, were secreted along the edge of the “ mantel” they must 
have been consolidated in the form of the mantel plications. 

In the figure I have drawn the pecten-shell with the Crepv- 
dula in its natural position and in natural size. The ridges of 
one-half of the scallop-shell are numbered from 1 to 9. 

The grooves of the pecten-shell are drawn black, and the 
grooves of the Crepidula are cross-striped. 
We see that the four entire grooves, respectively, ridges of 

Crepidula coincide in their proximal and distal points. 
The first ridge to the right (a) starts at ridge 7 of the scallop- 

shell and ends at the same ridge. Ridge b starts at ridge 6 and 
ends at same, and so forth. 

Ridge d is not quite complete, and from this point towards 
the left side we find no more ridges in the Crepidula-shell. I 
cannot give any explanation for this fact. 

It strikes us that the vertical projection of the ridges in 
Crepidula consists not in straight lines, but in curved ones. It 
seems as if the furrows of Crepidula would cross over the ridges 
of pecten. Yet this is not the case. . 

As the first explanatory point I have to mention, that the shell 
of Crepidula is intensely curved, whereas the pecten-shell is 
nearly flat in comparison. 
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This curvature of the shell of Crepidula is an unsymmetric 
one. The radius of the curve is very much shorter on the right 
side than on the left. 

Secondly, the direction of the growth is a different one in the 
two shells. In Pecten the shell grows along a straight line from 
A to B, whereas in Crepidula the shell grows in a curved line 
(the beginning of a spiral) from a to 8. 

Those two facts (the asymmetry and the spiral growth) explain 
why the ridges on the surface must be curved very slightly. 

I report this case at some length because it seems to me that 
this may give us some light as to how a new species may be 
created. 

In Crepidula we see a form that begins to adapt itself to an 
ectoparasitic mode of life. It is no parasite yet, but clings to 
the surface of other animals, and thus profits by the small par- 
ticles of food that are wasted by the latter. 

Crepidula still has a certain power of motion, which it will 
entirely lose with time. 

It is evident that it will be favorable to the species if the 
individuals cling to those animals that have a rapid motion, as 
they will in consequence be carried through the water and be in 
contact with a continually changing medium, fresh oxygen, ete. 

We know that Pecten is a lamellibranchiate mollusc endowed 
with a strong power of motion. 

Whoever has watched scores of scallops dancing in the water 
will remember it as an exceedingly pretty sight. The mollusc 
moves by rapidly opening and closing its valves, pushing out 
water with great vehemence, and thus progressing in backward 
jumps. As the water is pushed out with more strength on one 
side of the animal than on the other, a motion results which is 
only comparable to a sort of waltz. This motion is very quick 
and kept on for a very long time. 

It is clear that it will be of more use to Crepidula to be 
attaehed to a quickly moving Pecten than to a slowly creeping 
lobster, or an immobile oyster. Thus we might expect that by 
natural selection those individuals that are attached to Pecten 
would have more chances to survive. As bye and bye the power 
of motion will be lost for Crepidula, the surface of the animal, 
which is attached to Pecten will present ridges, and thus we may 
in time obtain a ridged Crepidula instead of a smooth one. 

Everybody will agree that regular ridges on the surface of a 
shell constitute an important species character, and out of these 
facts we may conclude that we shall get a new species in the 
ridged Crepidula. 
DEPARTMENT OF BroLoey, 

Co.tuMBiIa COLLEGE, NEw YORK. 
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STATED MEETING. 

December 16th, 1895. 

The Academy met with Vice-President STEVENSON in the 

chair; about twenty-five (25) persons present. 

The minutes of the last meeting were read and approved. 

The Secretary read a petition signed by Nicholas Murray But- 

ler, E. D. Perry, A. V. Williams Jackson, J. R. Wheeler, Thomas 

R. Price, William H. Carpenter, Henry Alfred Todd and H. T. 

Peck, expressing their willingness and desire to be elected to 

membership in the Academy, with a view to forming a Section 

to deal primarily with scientific investigations in the fields of 

philosophy and philology. The petition was referred to the 

Council, with the understanding that it involved the nomination 

of the signers to resident membership in the Academy, under 

the conditions stated. The petition was accompanied by a letter 

from the President of the Academy, endorsing it. 

The Section of Geology and Mineralogy then organized. 
od od to) 

The first paper was by H. P. Cushing, ‘‘ Notes on the Areal 

Geology of Glacier Bay, Alaska.” In the absence of the author 

it was read by the Secretary. The paper is printed on an earlier 

page of this volume, having been read while in press. It was 

discussed by J. J. Stevenson, who alluded to his own observa- 

tions in the same region. 

The second paper was by Heinrich Ries, ‘‘The Geology of 

Orange county, New York.” Mr. Ries described the results of 

his field work, performed under the direction of the State Geolo- 

gist, Prof. James Hall, the preceding summer. His remarks 

were illustrated by numerous lantern slides. The paper was 

discussed by the Secretary. 

The third paper of the evening was by T.G. White, on “ The 

Faunas of the Upper Ordovician Strata at Trenton Falls, New 

York.” The paper is printed below. 

The last paper that had been announced for the evening, by 
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J.F. Kemp and T.G. White, entitled ‘“‘ Additional Notes on the 

Trap Dikes in the Lake Champlain Region,” on account of the 

lateness of the hour was postponed till the next meeting. 

The Academy then adjourned. J. F. Kemp, 

Secretary. 

THE FAUNAS OF THE UPPER ORDOVICIAN STRATA 

AT TRENTON FALLS, ONEIDA COP NN. ¥- 

By TuHeEopore G. Waits, Pu. B., A. M. 

Read December 16th, 1895. 

PLATES II-V. 

CONTENTS. 
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Although the original locality from which the Trenton forma- 
tion derives its name has been so frequently referred to in 
the literature of that series of strata, the writer was unable to 
find a detailed tabulation of the stratigraphy or local geological 
boundaries of the type section, which might be employed as a 
basis of comparison for similar stratigraphic work, now in 
progress, upon the Trenton and adjacent terranes in the Lake 
Champlain valley. 

The first mention of the Trenton Falls locality in the reports 
of the New York State Geological Survey is that by T. A. Con- 
rad in 1837, in his report upon the * Third District,” page 
163, under the heading “The fetid limestone and shales of 
Trenton Falls.” These, he informs us, consist of ‘t dark blue 
limestones and shales, the whole mass probably about four hun- 
dred feet in thickness, composing the summits of most of the 
slopes which descend to the valley of the Mohawk, in Herkimer 

* Prepared in connection with a doctorate thesis upon the “Trenton Formation in 
the Lake Champlain valley, soon to be submitted to the faculty of Columbia Univer- 
sity. 
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and part of Montgomery counties. The rock is here chiefly a 
fissile slate, but as it passes to the north it assumes, as at Tren- 
ton Falls, the character of a dark blue, very hard foetid lime- 
stone, crowded with organic exuvie, chiefly bivalve shells and 
fragments of trilobites. The rock has here been cut through 
by a branch of West Canada Creek, which thus, in a suc- 
cession of beautiful cascades, leaps through a deep gorge 
through perpendicular black walls.* * * North of Trenton Falls 
there is a capping of gray crinoidal limestone, but we are as yet 
ignorant of its precise character and limits.’’ In the reports of 
several succeeding years by the various survey geologists the 
limestone of Trenton Falls is alluded to, and in 1838 Con- 
rad enumerated a few of the fossils from there in his “Sixth 
group.”* Eaton in 1830 applied the name “shelly metalliferous 
limerock,”} and the formation was “ No 2” of the Pennsylvania 
Survey. The term Trenton Limestone was first applied by 
Vanuxem in 1838,} and a few of its characteristic fossils men- 
tioned, but the type section was not defined so as to establish it 
until his report on the Third District appeared in 1842.§ 

He says.‘ At Trenton Falls, there are two distinct varieties : 
The first is a dark or black’ coiored fine-grained limestone in 
thin layers, separated by black shale or slate, and which forms 
the great mass through which the creek has worn its channel 
and in which are all the falls. The second is a gray coarse- 
grained limestone in thick layers, which forms the top of the 
mass. Fossils are extremely numerous in the dark colored part, 

but are less numerous in the upper or gray part: this latter kind 
is quite crystalline.” Seventeen typical fossils are then de- 
scribed or figured. 

The type section of the Trenton, as thus defined, then extends 
from the bridge just below the milldam at Trenton Falls village 
to the bridge at Prospect, about two and a quarter miles along 
the gorge of West Canada creek, more fittingly known by the 
original Indian name “ Kauya Hoora” (Laughing waters). In 
the course of this two and one quarter miles the river makes a 
total fall of over three hundred and twelve feet. The dip of 
the strata is in the direction of the current, and although locally 
variable, averages less than 10°, so that the path along the can- 
yon ascending with the dip rises at about the same rate as the 
creek level, except at the falls. Hence the thickness of the beds 
traversed is greater than it at first seems to be. 

* Second Annual Rept. N. Y. State Geol. Survey, p. 115. 

+ Geological Text-book, p. 38. 

t Second Annual Rept. on 4th Geol. Dist. of N. Y., pp. 275-276. 

¢ Geology of New York, Part 3, pp. 45-56. 
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The method of procedure was to start with the geologically 
lowest layer in each section, measure, and, collecting a quantity 
of representative material from each successive distinct layer, 
assign to each a consecutive number, as described in the case of 
similar work by the writer last summer on Lake Champlain.* 

The field numbers have been retained in the left-hand margin 
of the sections described in the present paper, although in some 
cases several layers distinguished in the field have been com- 
bined, as will be seen, where subsequent laboratory study failed 
to detect sufficient distinction between them to warrant their 
separation. 

* Trans. INS Acad. Sci. XV., 19 (1895). 
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The lowest beds of the type section are seen just below the 
milldam at Trenton Falls village. In general the lower portion 
of the formation is most shaly and is inclined to be nodular, but 
the limestone increases in purity and becomes crystalline in 
the higher layers. With the exception of the gray crystalline 
heavy beds in the upper part cf the mass, the layers rarely ex- 
ceed one foot in thickness and are usually two to six inches 
thick, separated by more shaly layers. As these thin layers 
vary in hardness they weather at different rates, affording indi- 
vidual prominence. There are, however, several conspicuous 
seams of hard, dense, blue-black limestone, several feet thick, 
which continue very constant and therefore form excellent da- 
tum levels for measuring up the section. 

The walls rise a hundred feet or more high, throughout the 
length of the gorge; and in spite of local variations of dip, the 
conspicuous seams may be traced uninterruptedly along the 
cliffs. One such seam is used for reference in locating the thin- 
ner layers until it is cut off by one of the water falls, when we 
may ascend to a higher level above the fall and there take bear- 
ings by an overlying heavy bed. These occasional heavy beds 
of pure limestone furnish the most perfectly preserved speci- 
mens of Asaphus platycephalus, for which the Trenton Falls 
locality is noted. Local collectors inform me that the entire 
specimens are usually found lying in the rock with ventral sur- 
face uppermost. 

These conspicuous datum layers are shown in the accompany- 
ing photographs: Plate II, showing the heavy bands in Sher- 
man Fall; Plate IV, figure A, a nearer view of one of the blue- 
black seams (D 11) just above the same fall. 

Measured in this way the following results were obtained, 
here presented in the order in which they were observed, namely, 
from below upward.* 

The specific faunal determinations are based on a rapid study 
and may need revision with more detailed work. They are, 
however, sufliciently correct for their intended purpose of es- 
tablishing the general character of the faune of the various 
zones. 

I. TRENTON FALLS SecTION—130C+D. 

Trenton Falls village bridge to Prospect bridge along Kauya 
Hoora gorge. 

* NorE.—The order of names in the faunal lists represents approximately the abun- 
dance of the yarious species, the most abundant being placed first, and if especially 
numerous designated @ (abundant), e (common), or conversely 7 (rare), etc. 

The measurements in the right-hand margin show the height of the top of the layer 
above the base of the section. The thickness of any layer may then be readily seen by 
subtraction. 
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Section (: Series of broad, nearly horizontal layers, on the 
east bank of the creek, from beneath Trenton Falls village 
bridge to the first curve of the creek in the rapids above the 
milldam. 
la—g. Black compact limestone, nodular and espe- 

cially crinoidal at base, purer at top, with intercalated 
shaly layers and with a few light-colored lenticles. Lo 6! 

Crinoid fragments a a. Endoceras. 
Orthis testudinaria a a. Rafinesquina alternata. 
Orthoceras large* c. Plectambonites sericea. 
Asaphus platycephalus c. Bellerophon bilobatus. 
Calymene senaria c. Foraminifera. 

Prasopora lycoperdon. 

2. Light gray, fine grained sandy layer, composed 
of comminuted fragments. Breaks readily and in even 
layers. ee Oe 

Orthis testudinaria a a. Zygospira recurvirostra. 
Rafinesquina alternata a. Hyolithes. 

3a—d. Encrinal shaly layers at the milldam inter- 
bedded with more compact fossiliferous layers. About 3 
feet are covered by the dam. rir 

Crinoid stems a a a. Orthoceras* a. 
Asaphus platycephalus a. Orthis testudinaria ce. 

4a—d. Hard compact, barren layers, alternating with 
more impure nodular portions or crystalline lenticles. 
Fossils in lenticles only. Londo” 

Dailmanella testudinaria aa a. Trematis terminalis. 
Plectorthis xquivalvis a a. Schizocrania filosa, or a 
Asaphus platycephalus c. new species. 
Crinoid fragments a a. Calymene senaria x. 
Gomphoceras. Plectambonites sericea rv. 

5. Shaly at top, impure, nodular, in part compact 
partly crystalline and partly shaly ; lenticular. 2 at! 

Crinoid fragments a a a. Stictopora. 
Prasopora lycoperdon (large celled) aa. Lingula. 
Orthoceras a a. Plectambonites sericea. 
Zygospira recurvirostra a a. Ambonychia bellistriata ? 
Asaphus platycephalus c. Ptilodictya r. 
Dalmanella testudinaria ¢. Calymene senaria rY. 

* This is probably the form mentioned. by Vanuxem in his 1842 report (page 47) from 
these layers, to which he assigns the name of Orthoceras striatum: Our specimens 
are too fragmentary for determination. 
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6. Unfossiliferous, rather sandy limestone, weather- 
ing yellowish-red,in layers 1 to 5 inches thick; with 
lighter gray, fossiliferous encrinal, crystalline lenticles, 
and black compact nodular inasses which show especially 
on the weathered surface. a6. 3”” 
Crinoid fragments a a a. Zygospira recurvirostra c. 
Orthis testudinaria a a. Trematis terminalis c. 

equivalvis a. n. sp.* 
biforata a. Schizocrania filosa. 

Asaphus platycephalus a. Prasopora lycoperdon. 
Rafinesquina deltoidea a. Orthoceras. 
Calymene senaria c. 

It is impossible to follow the eastern shore further in con- 
tinuation of this section,as the banks become too steep ; but 
crossing to the western bank and descending by the stairs lead- 
ing down from the hotel the following section is traced. 

Section D: 1. At water level below the foot of the ho- 
tel stairs, layers, 2 to 8 inches thick. Dip3°S. Soft, 
black, shaly ; slightly crystalline in portions. Fossils 
chiefly fragmentary. of 
Asaphus platycephalus large, a. Orthoceras. 
Crinoid fragments a. Orthis testudinaria. 
Calymene senaria. Bellerophon bilobatus. 
Rafinesquina alternata ce. Trematis terminalis. 

2. Compact, nearly barren layers, with only a few 
specimens of Orthoceras. Ca Ud 

3. Fine grained heavy black limestone, with conchoi- 
dal fracture, and few more or less perfect fossils. 1h & GP" 
Crinoidal columns. Rafinesquina alternata. 
Trinucleus concentricus. Orthis testudinaria. 
Calymene senaria. Foraminifera. 
Bellerophon bilobatus. Nucula levata r. 

4. At landing step of stairs leading down from the 
hotel. Dip 3°. Heavy bed of very compact nearly 
black limestone with irregular or conchoidal fracture, 
in layers 3 to 10 inches thick, irregular and nodular on 
the surfaces. Frequent well preserved fossils. rs! “Gr 

Plectambonites sericea ce. Gyroceras. 
Rafinesquina alternata and some of its Murchisonia gracilis. 

peculiar forms with fine strix. Tellinomya dubia. 
Asaphus platycephalus large ec. Nucula levata. 
Calymene senaria ¢. Lingula large sp. 
Orthis testudinaria c. Bellerophon bilobatus. 

subxequata. Crinoidal columns. 
xequivalvis. 

—__— 

*Description of this species is deferred until it can be included with other new spe- 
ciesin the monograph on the Lake Champlain Trenton referred to at the beginning of 
this paper. The specific name 7. Trentonensis will be adopted for it. 
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5. Shaly layers, with no distinguishable fossils ; not 
constant. 

6. Dark gray, fine grained limestone in layers 8 to 
10 inches thick, with shaly partings, readily cleavable 
in horizontal layers. The various thin layers weather 
at different rates. Well preserved fossils. 

Asaphus platycephalus large. Calymene senaria. 
Trinucleus concentricus Datmanella testudinaria. 
Ceraurus pleurexanthemus. Lingula—fragments. 

7. Heavy, dark colored, nearly barren limestone. 
The broad seam seen in Sherman Fall. 

8. Finely crystalline, dark gray, very pure limestone 
splitting readily into regular layers. Contains many 
comminuted and water worn fragments. 

Orthis (Dalmanella) testudinaria. Monticulipora sp. undet. 
Bucania punctifrons. Hyolithes. 
Rafinesquina alternata. Ptilodictya. 
Lingula riciniformis. Calymene senaria. 

Trinucleus concentricus. 

9. Layers forming the top of Sherman Fall. Gray, 
pure, somewhat crystalline limestone densely packed 
with Orthis (Dalmanella) testudinaria; the lenticles 
separated by thin, shaly partings. 

Prasopora lycoperdon large celled ec. Rafinesquina alternata. 
small celled e. Calymene senaria r. 

Plectambonites sericea c. Asaphus platycephalus r. 
Zygospira recurvirostra. Lingula riciniformis. 
Nucula levata. 

10. Impure, soft black limestone, with light colored 
gray crystalline fossiliferous lenticles and thin crinoidal 
shaly partings. 

Crinoid stems a a. Prasopora lycoperdon. 
Zygospira recurvirostra a a. Monticuipora sp. undet. 
Plectambonites sericea a. Rafinesquina alternata. 
Orthis (Dalmanella) testudinaria a. Calymene senaria. 
Rafinesquina deltoidea a. Trematis terminalis. 
Asaphus platycephalus c. Endoceras. 
Orthoceras large c. Isachilina small sp. 
Orthis ( Platystrophia) biforata. Bellerophon bilobatus. 

( Plectorthis) xquivalvis Ceraurus pleurexanthemus. 

11. First constant heavy “ blue black.” layer, the bot- 
tom following the level of the path above the falls. 

Very pure, hard and barren except for handsome 
specimens of :— 

Calymene senaria. Asaphus platycephalus. 

17 

90’ 6// 

26/ 6// 

34/ 6// 

37! 

4]/ 6// 

46/ 6! 

49! Qi! 
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12-13. Forming the cliff of High Fall, the bottom 
being the base of the fall. Shaly at top, impure, and 
below becoming nodular with dark gray compact, bar- 
ren concretions and finely crystalline portions, with 
shaly partings. The barren portions have a conchoidal 
fracture. The rock weathers into layers two to six 
inches thick. The fossils are seldom complete. but 
fragments are abundant. 

Shaly portion :— 

Prasopora lycoperdon. 
Zygospira recurvirostra. 
Orthis (Dalmanella ) testudinaria 

Crystalline portion : — 

Prasopora lycoperdon, fine celled 
form, a. 

Diplograptus amplexicaule c. 
Conularia Trentonensis. 
Bryozoan (see also B 14). 
Ambonychia bellistriata 
Trematis terminalis c. 

millepunctata. 
small species. 

Lingula. 
Atrypa deflecta ? 
Nucula levata. 

Resembles a cement rock. 139’ 

Orthoceras. 
Rafinesquina nasuta. 

Bellerophon bilobatus. 
Dalmanella testudinaria. 
Platystrophia biforata. 
Ceraurus pleurexanthemus. 
Dalmanites callicephalus. 
Calymene senaria. 
Orthoceras. 
Plectambonites sericea. 
Monoprion sp. 
Rafinesquina alternata: 
Ptilodictya, fine species. 
Trilobite, s. nov. 
Asaphus platycephalus v. 

14. Second “ Blue-black ” constant layer, rather soft, 

but compact, with abundant Calymene senaria, also 
Asaphus platycephalus. 141’ 

15. Alternating shaly with recurrent thinner compact 
blue-black limestone bands, extending to the top of the 
chief fall, of High Fall. 201’ 

16. Shaly, easily decomposed limestone, showing 
crushing ; first found at top of the third fall; fucoidal 
markings indicated on the surface, otherwise barren, 
except for a few Orthis testudinaria. 215/ 

17. Crinoidal shaly layers, without other fossils. 218’ 
18. Layer of light gray, pure, compactly crystalline 

limestone, weathering yellow, first appearing 40 feet 
north of the railroad bridge, south of which it pinches 
out and is not shown at the falls. It contains no fos- 
sils except an occasional Orthis testudinaria. 224’ 

19. Crinoidal shaly limestone, a recurrence of 17, ata 

point 700 feet north of the railroad bridge, becoming a 
friable, sandy, crystalline limestone, similar to 18 at 
top. 22'7’ 

[pDEc. 16, 

9g! 

5’ 

4’ 
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Contains only finely comminuted fragments of :— 

Asaphus platycephalus. Plectorthis equivalvis. 
Rafinesquina alternata. 

20. Gray agglomeration of Orthis testudinaria, with 
black nodules, but no other fossils - 2297 

21. Zone of fafinesquina deltoidea. Gray finely 
crystalline limestone with mostly regular cleavage, but 
impure and slightly nodular in portions, with shaly 
partings, containing numerous well preserved fossils, 
notably &. deltoidea. Occurs at top of Mill Dam (4th) 
Fall. 235/ 

Rafinesquina deltoidea a a a. Asaphus platyeephalus. 
Orthis ( Platystrophia) biforata c. Ceraurus pleurexanthemus. 

( Dalmanella) testudinaria c¢. Crania Trentonensis. 
Zygospira recurvirostra. Lingula. 
Crinoid columns. 

22. Recurrent shaly layers interbedded with hard, 
compact to crystalline. blue-black layers, 2 to 10 inches 
thick, mostly impure and readily weathering. Several 
conspicuous seams at top. Divided by a seam in the 
middle into two distinct sets of beds. Forms the 
whole cliff beneath the gray beds to the top of Mill Dam 
Fall. Approximately 305/ 

Rafinesquina deltoidea a a. Platistrophia biforata. 
——— alternata a. Calymene senaria. 

23. ‘Trenton Gray Limestone,’ quarried in the 
Prospect Quarries on both banks of the creek at the top 
of the gorge, and shown at the top of the cliff down the 
gorge to the railroad bridge, as illustrated in Plate V. 
Heavy bedded, light-gray coarsely crystalline encrinal 
limestone, very pure and composed of comminuted 
fragments in which few species can be recognized,+ 
with even shaly partings. 325/ 

* Tn the neighboring fields the upper surface of these beds is seen to weather darker, 
and duller hued and has been dissolved into deep crevasses. The stone from F. T. 
Thomas’ quarry, which is considerably used for building contains CaCo, 94.82 per cent. 
and Mg Co, 1.66 per cent. (J. C. Smock, Bull. N. Y. State Museum IT., 246, 1890.) Van- 
uxem says that this ‘‘gray limestone commences at Nine Mile Creek, below Stittville, 
and extends north to near Boonville,’ and is so fissured at Holland Patent that Cincin- 
nati Creek becomes lost init. (Second An. Report on Third District, 1838, p. 276.) And 
again, in his 1842 report already cited, p. 51: ‘‘ Where the road which leads to Prospect 
leaves the one from Trenton Village to Boonville, the water of Cincinnati Creek, above 
the bridge, is seen entering the creek. Higher up, the whole stream is deserted, pre- 
senting a rock surface, under which, and by joints of the rock, the water courses by its 
subterranean route to where it reappears near the bridge.’’ The fossil fragments es- 
specially bryvozoa, weather out on the surface in the fields near Prospect. The lower 
layers are somewhat lighter gray. 

+The beds of gray crystalline limestone with their thin shaly partings closely re- 
semble the Trenton as it occurs at the Mile End Quarries, near Montreal, Canada. The 
latter contains similar fossils, but is slightly bituminous. 
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Heavy crystalline beds :— 

Orthis ( Platystrophia) biforata. Monticulipora sp. 
(Dalmanella) testudinaria. Strophomena sp. 

Shaly partings :-— 

Crinoids aa a. Lingula ( Glossina) riciniformis. 
Acidaspis Trentonensis a a. larger form, also many frag- 
Orthis (Platystrophia) biforata a. ments. 
Monticulipora sp. a. Ptilodictya sp. 
Prasopora lycoperdon, large celled c. — Orthis ( Plectorthis) xquivalvis 

small celled c. subsequata. 
Rafinesquina deltoidea c. Plectambonites sericea, small form. 
Calymene senaria ¢. large ventricose form. 
Bryozoa. Strophomena planumbona. 

This total of 325 feet for the type section compares favorably 
with Walcott’s measurements at Utica,* twenty miles distant, 
where he obtained a thickness of 350 feet, including the Tren- 
ton, Black River and Utica. Vanuxemt+ estimated the thickness 
at Trenton Falls at “ upwards of 100 feet” only, while Darton 
states that “there appears to bea thickness of 120 feet. ” He says, 
however, that he made no careful measurement and that, “ owing 

to the dip of the beds down stream and the variability of the 
rate of dip, the total amount of fall is not a measure of the 
thickness.” MacFarland’s Geological Railway Guide§ says the 
formation is 500 feet thick and about seven miles in breadth. 
Miller’s Paleontology of North America|] says, “the limestone, 
at the falls is more than 100 feet thick.” 

The type section of the Trenton is not limited by other forma- 
tions at either extremity. The creek at Prospect has cut its 
way deep down into a narrow gorge, so that even the greater 
altitude of the creek level above Prospect Falls does not bring 
to light any layers higher than the crystalline beds capping the 
gorge section. North of here extensive drift deposits cover the 
country. The nearest occurrence of the Utica is at Nine Mile 

Creek, East Trenton, where it occurs in the bed of the brook, 
apparently faulted sharply against the Trenton, but affording 
no section, and too much covered by water for study at the 
season at which I visited the district (November).** The Utica 
here is a fine, rather thick bedded black shale affording Mono- 
prionid graptolites, often at least six inches long, Triarthrus 
Becki, Lepetopsis t and Orthoceras. ‘There i is s also said to bea 

* Proc. i x % Ss. XXXVL: : 212. 
+Second Annual Rept. of the 3d District (1838), p. 275. 
147th An. Rept. N Y. State Museum (1895), p. 619. 
¢Second Edition (1890), p. 118. 
| Fourth Edition (1 892), p. 40. ’ 
*C. D. WALCOTT: Trans. Alb. Inst. X: 18-23 (1883) described ten new species 

ted the ‘‘ town of Trenton.” 
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small Utica outcrop in the bed of the creek south of Poland, 
also presumably a case of faulting, as the formation there is 
lower Trenton. 

At the base of the type section the top of D® (page 77) seems 
to correspond in level nearly with the top of C* (page 75), a 
short distance further down stream, and although the included 
layers below C° only aggregate 19 feet 10 inches against 26 feet 
6 inches below D7 I am nevertheless inclined from their ap- 
pearance to consider them lower beds, and that some of the 
beds of D thin out before reaching C,as was the case with layer 
D 18 in the upper part of the section. Therefore substituting 
the equivalent layers of C in.D we obtain a total thickness of 
318 feet 10 inches for the typical Trenton Falls section. 

Below the bridge at Trenton Falls village, there are no out- 
crops along the creek for several miles, the single exception be- 
ing a small outcrop of nodular impure limestone at the bend of 
the creek, three-fourths of a mile below the village, near Sawyer 
Bridge, locally known as “ Frog Hollow.” The river cuts its 
way between excellent river terraces of the extensive delta de- 
posits which bury the surrounding country until Poland Bridge 
is reached. Here, on the west bank of the creek, beneath and 
just south of the bridge, are seen twenty feet of limestone in 
layers two to six inches thick, with shaly partings. A small 
stream cuts the section. The layers are especially prolific, the 
lower with large specimens of Prasopora, and about six feet from 
the top a particularly rich seam from which the following fossils 
were chiefly obtained. The fossiliferous portions are notably 
lenticular and not continuous. 

Plectambonites sericea, ventricose var. c. Orthis ( Platystrophia) biforata ce. 
Orthis (Dalmanella) testudinaria ce. Trematis terminalis c. 
Rafinesquina deltoidea c. Lingula quadrata. 

alternata ? Stenopora fibrosum. 
Strophomena planumbona ec. Ceraurus pleurexanthemus. 

incurvata. Orthis subequata. 
Asaphus platycephalus ce. Monticulipora. 
Trinucleus concentricus ¢. Orthoceras. 
Calymene c. Holopea symmetrica ¥ vr. 

Near the top of the hill, on the road leading west from the 
covered bridge just mentioned, another Trenton exposure oc- 
curs on the roadside, at an elevation of probably 150 feet above 
the former. It is a black compact, rather soft limestone and 
yielded :— 
Orthis ( Dalmanella) testudinaria a. Orthoceras. 
Trinucleus concentricus ¢. Ceraurus pleurexanthemus. 
Modiolopsis faba c. Calymene senaria. 
Rafinesquina alternata c. Nucula levata. 

TRANSACTIONS N. Y. ACAD. ScI., Vol. XV., Sig. 6, April 7, 1896. 
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Rafinesquina deltoidea. Orthodesma contracta.* 
Strophomena planumbona. Beyrichia. 
Lingula riciniformis. Conularia. 
Orthis xequivalvis. 

For the lowest beds the nearest continuous section. was found 

at 

II. Potanp LIMEKILN SEcTION—130 A. 

On the western bank of West Canada Creek, three miles 
south of Poland, thence passing upward along the cut of the 
Adirondack Railroad, which here closely follows the shore, 
thence across an open meadow, which covers strata estimated at 
fifteen feet in thickness, to the roadway, and thence through a 
small abandoned lime quarry and up the hill lying behind it. 
The latter portion corresponds to the lower portion of the 
Rathbone Brook Section (B), on page 84, which follows the 
south side of the same hill. 
A 1-2. CatcirErous.—light gray, compact, heavy bedded, 

massive quartzite, weathering yellow; with Seolithus-like tubes 
filled with white quartz. The latter are uniformly vertical in 
the lower four feet, but above this are not always vertical. In 
the upper portion the rock is filled with calcite seams and there 
are shaly portions apparently resulting from crushing. Dip 6° 
N., but changing further down stream to 6° 8. The lowest 
layers are exposed in the bed of the creek. The total thickness 
measured above Water WAS... 2.00% 6 cee wins on one one 

3-5. BrrDsEYE LimMEstone.—Ten feet above A?, on the west side 
of the railroad cut, the intervening layers being buried beneath 
debris, is exposed a dove colored limestone with scattered cal- 
cite nests, and a flinty conchoidal fracture. Dip 3° 8. 40° W. 
The lower layers have a distinct bite to the touch. The middle 
layers are the most homogeneous and weather lighter gray, in two 
to sixinch layers. At the top is a bed one foot thick, somewhat 
es on the surface, which weathers yellow....... . 54 feet. 

Brack River LIMEstone.—Two heavy barren beds of dark 
duitved compact: HimestOney sys wala See's eee ee 1. oes eee 

io. Capping the foregoing in the railroad cut, and also 
shown in slightly higher “lay ers in the adjacent field. Nearly 
black, compact limestone, having conchoidal fracture ; weather- 
ing gray or yellowish; impure. The rock is barren in some 
portions, crystalline and highly fossiliferous in others, especially 
toward the top; the fossils being brought into prominence only 
by weathering. Chert nodules occur through the rock. 

6 feet 9 inches. 

* We believe this is the first instance of this € ‘incinnati species being found in 
the eastern states. 
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This zone is especially characterized by abundant specimens 
of Leperditia fabulites and glabelle of Illenus crassicauda. 

Crinoid fragments a. Orthoceras. 
Avicula Trentonensis ce. Cyrtoceras tenuistriatus. + 
Cypricardites obtusus ventricosus ¢. Asaphus platycephalus. ¢ 
Raphistoma Americana c. Conularia small sp. 
Zygospira recurvirostra C. ' — Rhynchotrema ineequlvalvis. 7 
Rafinesquina alternata. Tsochilina small sp. 
Strophomena filitexta* c. Bathyurus extans. 
Stictopora c. Orthis ct. pectinella subequata. 
Nueula levata. Bellerophon sp. 
Tellinomsya nasuta. —— smail sp. 
Holopea small sp. Protaria vetusta. 
Murehisonia. Modiolopsis. 

Following this about fifteen feet of strata are probably cov- 
ered, before succeeding beds are reached on the opposite side of 
the field, in a small lime quarry adjacent to an old kiln on the 
west side of the roadway, and extending up the side hill be- 
hind it. 

9. More or less irregular and fractured layers, two inches to 
one foot thick, partly crystalline and partly shaly, dark gray, 
breaking in layers, densely packed with Orthis (Dalmanella) 
testudinaria, with some Plectambonites sericea and scattered 
fragments of Asaphus platycephalus, Bellerophon bilobatus and 
Calymene SCLC AO NE erga eee aie em nen severe cate 32 feet. 

10. Very compact, black, thin bedded, shaly limestone, with 
crystalline bands, shown in the quarry and for 22 feet up the 
hill, the remainder of the hill being overgrown. It contains 
few fossils, principally Rafinesquina alternata, also Orthis tes- 
tudinaria and Prasopora lycoperdon. 

Upon the south side of the same hill, however, about one- 

* Strophomena (Leptena) filitexta as figured by Hall, Pal. N. Y., Vol. I., p. 111, PI. 
XXXI.B., figs. 3 a-fand as found in the Lake Champlain valley isa broad, very slightly 
concave species. Winchell and Schuchert, however, in* Pal. Minn. III., pt. 1, pp. 385- 
388, make the Trenton limestone forms of this species synonomous with Strophomena 
incurvata Shepherd (Producta incurvata Shep. A. J. S. XXXIV., 144, figs. 1 and 2 
1838) and indicate for it quite as. strongly convex a character and outline as in our 
Black River specimens in this zone. We place it provisionally under this latter name. 
Except for its strong convexity and almost semi-circular margin, the specimens agree 
with VS. filitexta in the character of both external and internal ornamentation. 

+ Cyrtoceras corniculum Hall (Geol. Rep. Wis. 1862, pp. 41 and 441) proved to be a 
preoccupied name, and Hall therefore proposed to substitute for it the specific name 
tenuistriatum. in S. A. Milller’s Am. Pal. Foss. First Ed. p. 243. The species is newly 
figured under the latter name by Whitfield in Mem. Am. WTUIEES ING Ble ea JAN B.co Pe 

tA hypostome found in this material measures 2!4 x 134 inches, which, in propor- 
tion to one figured in Pal. N. Y., I., Pl. 62, indicates an Asaphus havi ing a length of 
fifteen inches! 

2 The specimens from this zone correspond to Hall’s figures of Atrypa increbescens. 
Pal. N. Y., I.; Pl. 33, fig. 18 e and fig. 13 k. The former figure according to Winchell 
and Schuchert, Pal. Minn. III., pt. ah p. 459, is R. inequivalvis Castelnau, while the 
latter is R. capax Conard. As our specimens most closely resemble figs. 15, 16 and 18 
on plate 34 of the Pal. Minn. cited, I place them under Castelnau’s specific name. 

| Rathbone brook is the original locality of this species according to VANUXEM (Geol. 
3d district, p. 55) as well as Trocholites ammonius Conrad. 
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eighth of a mile to the south, the same layers reappear in the 
much more extensive Rathbone Brook section. 

III. RATHBONE Brook Section—130 B. 

The brook flows into West Canada Creek, near the Black 
River exposure ; and the lowest beds upon it, west of the road- 
way must occupy a position not far above the Black River. The 

- brook would repay close stratigraphic study, as its meandering 
course with numerous falls affords a continuous section of con- 
veniently exposed layers for nearly two and one-half miles up 
the ravine between the hills. The beds dip at about 10° S. 
40 W. In order to obtain the relations of the lowest Trenton. 
collections were limited on this occasion to that portion of 
the stream between the road running parallel to the creek and 
the first bridge on the hill road running at right angles to it, a 
distance of possibly half a mile, up hill. In ascending order 
these zones are: 

B: 1. Thin bedded shaly light gray limestone, lowest 
beds seen on the south side of the brook, with black 
partings and fragmental remains in the upper portion, 
otherwise nearly barren. 12/ 

Strophomena planwmbona. Prasopora lycoperdon of 
Orthis testudinaria. large tubed form. 
Plectambonites sericea. Calymene senaria. 
Stenopora fibrosum, ventricose variety. | Asaphus platycephalus. 

Trinucleus concentricus. 

Ceraurus pleurexanthemus. 

2. Lowest layers on north side of brook. Gray,coarsely 
crystalline with extremely abundant Prasopora lyco- 
perdon, growing up in large cylindrical masses. 1 td 

Also fragmentary remains of 

Orthis ( Platystrophia, biforata a. 
Plectambonites sericea ¢. Bellerophon bilobatus. 
Trinuculus concentricus ¢. Murchisonia milleri. 
Calymene senaria ec. Holopea symmetrica. 
Ceraurus pleurexanthemus ©. Rafinesquina alternata, 
Stenopora fibrosum. coarsely ribbed variety. 
Monticulipora, branching species. Crinoid stems, occasional. 

3—4. Lower part of first fall. Light gray, pure and 
very finely crystalline or sandy, with regular cleavage ; 
nearly all the fossils fragmentary. DAN 

Prasopora lycoperdon, large celled 
form c. Trematis terminalis. 

Holopea symmetrica. Lingula fragments. 
Stenopora fibrosum. Rafinesquina alternata. 
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Trinucleus concentricus. Orthoceras. 
Asaphus platycephalus. Orthis testudinaria. 
Ceraurus pleurecanthemus. Calymene senaria. 
Cyrtolites Trentonensis. Ptilodictya. 
Orthis (Platystrophia) biforata. 

5. Heavy barren layer. 
6. Comprising, with 3-5, the first waterfall, and 

forming with the layers below a zone of Holopea sym- 
metrica, not elsewhere located. 

Light gray, rather coarsely crystalline with very 
thin shaly seams and black nodules; rather impure and 
fracturing irregularly. Recurrent fauna of B+, but dif- 
ferent lithologic characters. 

Holopea symmetrica a.* Trematis terminalis. 
Stenopora fibrosum a. Lingula riciniformis. 
Prasopora lycoperdon. cequalis. 
Trinucleus concentricus. Plectambonites sericea. 
Asaphus platycephalus. Rafinesquina aternata. 
Ceraurus pleurexanthemus. Strophomena planumbona. 
Cyrtolites Trentonensis. Hyolithes. 
Gyroceras. Murchisonia. 
Orthis ( Platystrophia) biforata. Conularia trentonensis. 

7. Alternating barren and shaly layers, the jatter 
containing fragments of T’rinucleus concentricus. 

8-9. Including the base of the second fall. Light 
gray, similar to B° but not impure; has very regular 
cleavage; contains some pyrite and many fragmental 
remains of Calymene senaria, Orthis testudinaria and 
Monticulipora. 

10-11. Rather impure and finely crystalline, light 
gray and composed of comminuted fragments with 
frequent shaly partings. 

Orthis testudinaria. Stenopora fibrosum. 
subeequata. Calymene senaria. 

Rafinesquina alternata. Conularia. 

12. Shaly layer, containing only Prasopora lycoper- 
don, forming top of the second water fall. 

31’ 

41’ 

53/ 

85 

Q// 

g// 

SQ’ 

Or 

Q’ 
_ 

* Two of the specimens of this species collected in this layer, preserve the original 
shell material and one the iridescent lustre of the pearl. This isa noteworthy fact con- 
sidering the age of the fossils—lower Trenton. While several gasteropods and brachio- 
pods with preserved coloration are known from as low as the Subcarboniferous or De- 
vonian | PHILLIPS, J., Geol. Yorkshire II. 226; Sars, M., Annals and Mag. Nat, Hist. 423 
(1869); POURTALES, Bull. Mus. Comp. Zool. 126 (1868); DE VERNEUIL, Trans. Geol. Soe. 
London I. 346 (1842) Kryxrs, C. R. The Nautilus, IV., 30 (1890.)] the only record I find 
of shell color preservation from so low a horizon asthe Trenton is that of an Hn- 
doceras proteiforme from New York, described by Pror. 0. C. Marsu, Proc. Am. 
Asso. Ady. Sei. XVI. 326 (1868). 
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13. Lenticular, light gray, in portions coarsely crys- 
talline, in other portions highly fossiliferous, although 
the fossils are chiefly fragmentary, in still other por- 
tions with thin, very compact, sandy streaks. 

Orthis testudinaria a aa Modiolopsis. 
equivalvis a a. Orthoceras. 

Calymene senaria a a. 

14. Gray, rather coarsely crystalline, with included 
compact nodules. 

The latter contain Calymene senaria and Orthro- 
ceras, the former :— 

Orthis (Dalmanella) testudinariaaaa. —Nucula levata. 
Plectambonites sericea a. Lingula riciniformis. 
Ptilodictya ce. —S=— Fite 
Stictopora. Bryozoan, probably new. 
Prasopora lycoperdon, large celled var. Monticulipora. 
Orthis ( Platystrophia) biforata. Rafinesquina alternata. 
Calymene senaria. Parastrophia hemiplicata.* 

15-19. Series of compact barren layers, respectively 
2’3’; 8’ and 5/ thick alternating with shaly layers 
containing only Plectambonites sericea. 

20-23. A series of gray lenticular beds often composed 
exclusively of an agglomeration of Orthis testudinaria, 
changing abruptly to very compact, barren, heavily 
bedded black limestone, with a few very thin shaly 
partings. 

Orthis testudinaria aaa. Prasopora lycoperdon. 
Calymene senaria. Monticulipora small. 
Rafinesquina deltoidea. Crinoid columns. 
a alternata. Plectambonites sericea. 

24. A rather impure limestone with scattered frag- 
mentary fossils; black, irregular fracture, compact with 
scattered calcite crystals and in portions shaly. 
Prasopora lycoperdon small celled. a. Stenopora fibrosum. 

large celled form a. Ptytodictya. 
Asaphus platycephalus (large) ¢. Strophomena incurvata. 
Clymene senaria c. Rafinesquina alternata. 
Orthis testudinaria ¢c. ————nasuta. 

subsequata. Lingula Curta. 
Bellerophon bilobatus. Beyrichia. 
Diplograptus amplexicaule. Crinoid fragments. 
Nucula levata. Cyrtoceras. 
Tellinomya dubia. Orthoceras vertebrata. 

54? 

[pEc. 16, 

54! g/ 

63’ 

68’ 

T2! 

g/t 

g// 

4? 9 

*The occurrence of a single specimen of Parastrophia hemiplicata in this layer pos- 
sessed considerable interest. The species is characteristic of the Black River ; occur 
ring in that formation at Watertown, N. Y., associated with Cypricardites latus Hall. 
On Lake Champlain we found it to characterize, in great abundance, a well-marked 
zone, which contaived little else. That zone marks the lowest portion of the Trenton 
for 78 miles along the lake shore. See Trans. N.Y. Acad. Sci., XXV., 20 and 23 (1895). 
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25-30. Compact heavy, nearly barren layers, having 
conchoidal fracture, with intervening shale, the latter 
containing fragments of :— HOB» ,9"” 

Prasopora. Lingula curta. 
Crinoid columns. Orthis testudinaria. 
Asaphus platycephalus. Orthoceras. 

31. Impure black, breaking irregularly, with calcite 
seams and afew comminuted fragments of fossils in 
the purest portion. |g a 

Crinoid fragments a. Calymene senaria. 
Orthis testudinaria. Rafinesquina alternata. 

32-33. At the falls near the upper bridge, impure 
black limestone ; the only fossils being scattered Orthis 
and Asaphus fragments. Li! oY 

CONCLUSIONS. 

Reference to the faunal lists, facilitated by the appended tabu- 
lation, suggests several features. 

First : The almost universal prevalence of Orthis testudinaria 
Rafinesquina alternata, Plectambonites sericea, Orthoceratites, 
Asaphus platycephalus and Calymene senaria throughout the 
formation. 

Second: The much greater number of forms found in the 
Black River zones, and in general also in the lower zones than 
in those above. 

Third: The prevalence of Crinoids, Prasopora, Rhyncho- 
trema inequivalvis and Trinucleus concentricus, principally 
in the lower layers. 

Fourth: The appearance of Parastrophia hemiplicata so high 
up in the series in B 14. 

Fifth: The first appearance of Acidaspis Trentonensis, as- 
sociated with the most perfect fallen remains of crinoids 
found, in the uppermost portion, in the shaly partings of the 
comminuted gray limestone, suggests that the crinoids and the 
trilobites were killed by the same inflow of muddy water into 
the purer seas. 

Sixth: The absence of various typical Trenton species of fre- 
quent occurrence in other localities and not found among the 
material collected, indicating that they are at least not abundant, 
if they indeed occur in the region. Some of these species are 
Climacograptus, Solenopora compacta Bill, Orthis occidentalis 
Hall, O. tricenaria Dalman, O. subquadrata Hall, Leptena 
rhomboidalis Wileck, Rhynchotrema capax Con., Cyclospira 
bisulcata Emmons. 
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From a lithological standpoint we note :—First, the prevaling 
shaly, nodular and impure character of the lower portion of the 
formation. 

Second: The tendency of the fossiliferous portions to occur 
in lenticles, usually of a light gray color, owing to the prepon- 
derence of lime, and often composed entirely of an agglomera- 
tion of fragments of one or two species. The transition between 
the light colored fossiliferous and the dark compact limestones 
often occurs with abrupt contact or line of demarcation; the 
lenticles evidently being depressions filled up with fragments, 
in an otherwise even surface of the finest carbonaceous lime 
sediments. 

Third: Judging from the thinness of most of the layers and 
their frequent shaly partings, oscillations of the sea bottom and 
successive depositions of fine silts must have followed each 
other in periods of very brief duration. During a few longer 
periods quiet seas prevailed which deposited considerable thick- 
nesses of pure limestone of blue-black color, in which the tvilo- 
bites were entombed entire. 

Fourth: Zones, usually of less than one and a-half feet thick 
of lighter gray color occur chiefly near the central mass, in 
which the fossils are altogether comminuted. This is also the 
case with the uppermost gray portion, while many of the fossils 
of the intervening portion, especially in the Rajinesquina del- 
toidea zone are preserved nearly intact. Finally sedimentation 
closed with long continued shore deposition, in which the frag- 
ments were finely broken or ground to powder, which afterward 
dissolved and crystallized, and which, possibly owing to the ab- 
sence of plant life, retained its light color. A few short periods 
of finer sedimentation intervened between the longer periods of 
fragmental deposition and preserved the existing “fauna. 

The subsequent shaly deposits which gradually ‘led to the slate 
formations of the Utica do not appear at Trenton Falls. 

SUMMARY. 

The results obtained may be summarized as follows : 
Urica shale is not found nearer than Nine Mile Creek, East 

Trenton, and no upper stratigraphic boundary of the Trenton 
formation can be found in the type section. The shaly layers 
following the pure crystalline limestone in other localities and 
forming the transition to the Utica are not represented. 

TRENTON LiMEsTONE in the Kauya Hoora gorge section %on- 
sists of: 

Upper: Heavy, bedded, gray, coarse crystalline. 
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Period of clear seas which furnished quantities of finely com- 
MMLC C Ce OSLES S01 3.02 b's BNO TPIER eed, Sokol. S ... 20 feet. 

Middle: Thin bedded, alternating, shaly and purer, dark col- 
ored limestone, frequently nodular or lenticular. 

Period of oscillating land level and consequent variability of 
deposition, extending through a long period of time. Lower 
portion particularly impure and generally encrinal, increasing 
in purity in the higher layers. Fossils chiefly fragmentary. 

316 feet. 
Lower: Not seen at Trenton Falls; found at Rathbone 

Brook, (B) 34 miles below Poland. Thin bedded, but more dis- 
tinctly marked zones than at Trenton Falls. Light colored in 
general and frequently sandy. Abundant Prasopora. Most re- 
mains fragmentary. Correspondence with above not yet deter- 
mined. 

Buiack River LIMEsTonEe.—First seen at the locality (A) 
three miles south of Poland. Impure, heavy bedded. Fossils 
numerous and well preserved................ 11 feet, 9 inches. 

BirpseyeE Limestone. — Heavy bedded, non-fossiliferous, 
dove colored, dolomitic limestone .......2.......... 9) ft; 6) in. 

Cuazy limestone not found, and evidently not deposited. 
CaLcirERous: Heavy bedded, dolomitic, non-fossiliferous. 

Underlies the Birdseye at the locality cited............. 8 feet. 

PuysicaAL FEATURES. 

These have been noted by Vanuxem, in the report for 1842, 
on pages 51 to 54, and are worthy of note. 

The creek undoubtedly follows a more or less strongly de- 
veloped series of north and south joint planes, and at Sherman 
Falls, shown in plate II, has come in contact with a series of 
joints at right angles to the former, as well shown in the wood 
eut by R. C. Taylor, on page 52 of the report referred to. The 
gorge at this point is crossed by a perpendicular wall, extend- 
ing from the eastern bank (shown on the right-hand side of the 
illustration in this paper) nearly to the western bank. <A por- 
tion of the creek at high water still falls over this wall on the 
right-hand side and centre, as shown; the larger body, however, 
pours into a second joint lying some twenty or thirty feet be- 
hind, and is in process of widening this latter crevice from west 
to east, so that eventually the original face of the fall will be- 
come entirely detached and the fall be obscured behind its 
rocky screen. 

At the top of the lower portion and between it and the upper 
portion of the High Fall a layer contorted into semi-circular pli- 
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cations occurs, interbedded between normally horizontal layers, 
which constitute a great thickness both above and below. The 
phenomena is diagrammatically figured by Vanuxem on page 
53. 

There is a series of these folds, more or less covered by debris 
at the surface outcrop, three or four of the most striking of 
which are shown in the photograph (plate III, figure A), es- 
pecially the one a little to the right of the centre of the view. 
The trough of the plications bears N. 50° E. The “rim,” if we 
may so term the exterior of the troughs, which most resists 
weathering on the exposed surface, is of one of the blue-black 
compact layers, two or three inches thick, so frequent in zone 
D 15, of which it forms a part. That the distortion has not been 
accompanied by metamorphism is demonstrated by the fact that 
the more shaly layers, both within and without this denser “rim,” 
which coincide with its curve, preserve their fossils (Plectam- 
bonites and Orthids) intact. Vanuxem considers that the con- 
tortion was due to a crystallization of the “rim ” layer, necessi- 
tating expansion; while Prof. W. O. Cr osby has suggested to 
the writer that the cause may have been the yielding of this 
layer under the tremendous weight of strata above. Either 
theory, however, would imply metamorphism, which does not 
exist. JI am inclined to think that the contortion took place, 
from some cause, very shortly after the period of deposition. 

A photograph of the Great Falls, where the phenomenon oc- 
curs, is given by N. H. Darton, Plate X, 47th Annual Report, 
N. Y. State Museum. 

Various peculiar contortions of the strata are to be noted. 
The first of these is on the eastern face of the narrow passage 
known as “ Rocky Heart,” shown in plate III, figure B. The 
upper layers are nearly horizontal, while those below show over- 
lap structure, due to the subsequent settling and resedimenta- 
tion upon the original shore. The layers alternately thicken as 
shown, the stratification following the contact surface with the 
older sea bottom. 

Several other such cases may be noted ; and another probably 
similar instance from the upper end of the gorge, in the layers 
of section D 22, is shown near the center of plate V, figure A. 
Near to the latter one of the exits of the underground streams, 

flowing along the solution crevices of D. 23, pours its rill into 
the creek from a considerable height. 

Near the same locality, also in D 22, there occurs a striking 
example of what is probably an ancient channel filling, shown in 
Plate IV, figure B. The edge of the channel forms with the adja- 
cent horizontal layers in which it rests an angle of 8 to 15°. The 



1895. | NEW YORK ACADEMY OF SCIENCES. on 

dip of the channel sediments is about 15°. A slight faulting of 
all the layers occurs at the same locality. This is the same 
phenomenon illustrated by Vanuxem in the 1842 report on 
page 54. 

LIST OF FOSSILS FOR WHICH TRENTON FALLS IS THE TYPE LOCALITY. 

A list of species not contained in the tabulation of those col- 
lected by the writer, which will be found on pape 93, but which 
have been described from Trenton Falls as their type locality. 
Where no closer designation is appended, the original descrip- 
tion only locates them as “ Trenton Falls.” 

. Acidaspis parvula Walc. (1879) 3lst An. Rep. N. Y. S. Mus. 
69. 

Bellerophon bilobatus var. acutus Hall (1847) Pal. N. Y. L., 
185. 

var. corrugatus Hall op. cit. From spec. in 
Moore collection, Trenton Falls. 

Beyrichia bella Wale. (1883). Advance pages of 35th An. 
Rep. N. Y. S. Mus. 207. From the upper portion of the lime- 
stone. 

Calceocrinus Barrandii Wale. (1883). Same ref. and loca- 
tion. 

Carinaropsis carinata Hall (1847) Pal. N.Y. 1. Fromthe black 
fine-grained layers. 

Conchopeltis alternata Wale. (1879) 28th An. Rep. N. Y. S. 
Mus. 98. From the upper third of the limestone near Prospect 
Bridge. 

Conularia quadrata Wale. (1879) op. cit. Same locality as 
the last. 

Dendrocrinus retractilis Wale. (1883) op. cit. 

Endoceras Vanuxemi Con. (1842) Jour. Acad. Nat. Sci. Phila. 
Rech 26 Pl. 162, 

Glyptocrinus argutus Wale. (1883) op. cit. From upper por- 
tion of the limestone. 

? subnodosus Wale. (1883) op. cit. Same locality 
as the last. 

Heterocrinus simplex Wale. (1883) op. cit. 

laxus Walc. (1883) op. cit. 

Tocrinus Trentonensis Wale. (1883) op. cit. From the upper 
half of the limestone. 

Isotelus planus Dekay (1824) An. N. Y. Lye. N. H. L., 178. 
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Lingula rectilateralis Emmons ( Lingula quadrata Hall (1847) 
not Hichwald). ‘‘ Usually unassociated with other fossils,” in 
the dark colored central portion. 

(Glossina) Trentonensis Conrad ( Lingula attenuata? 
Hall, not Sowerby). From the dark colored central portion. 

Merocrinus typus Wale (1883) op. cit. From the upper por- 
tion. 

corroboratus Walc. (1883) op. cit. Same location. 
Murchisonia bellicincta Hall (1847) Pal. N. Y. I. From the 

dark colored upper portion. 
Pachydictya acuta Hall (Stictopora? acuta) (1847) op. cit. 

Common in the shaly portions. 
Palezaster matutinus Hall (1861) (Asterias matutinus). Fig- 

ured Trenton Falls type in Amer. Museum Nat. Hist. 
Rafinesquina camerata (Conrad) Hall (1847). Figured 

specimen (Pal. N. Y. I., Pl. XXXI. A., 2 a—b) from Trenton 
Falls in Amer. Museum Nat. Hist. 

Stictopora elegantula Hall (1847) op. cit. Occurring through- 
out. 

Stomatopora inflata (Hall) Vine (Alecto inflata Hall) (1847) 
op. cit. From the dark, compact central portion. 

Streptelasma corniculum Hall (Streptoplasma corniculum and 
S. multilamellosa H.) (1847) op. cit. From the lower shaly and 
gray crystalline portions. 

Strophomena Conradi Hall (1892) Pal. N. Y. VIII. 344, is 
not typically described from Trenton Falls, but the original of 
Pl. XX. 32-32a is from that locality. 

Strophomena Trentonensis W. and 8. ( Leptena subtenta ( Con- 
rad) Hall, 1847, op. cit.). Occurring throughout. 

Making, together with the species noted in the lists on the 
following pages, a total of forty-one species or varieties for 
which the types are credited to Trenton Falls. 

My thanks are due to Mr. Gilbert van Ingen, of Columbia 
University and to Prof. R. P. Whitfield, of the American 
Museum of Natural History, for the determination of specimens, 

and to the former also for various suggestions; also to Prof. J. 
F. Kemp for courtesies extended during the progress of the 
work. No local map of the region being at present obtainable, 
the one accompanying this paper is based on that in N. S. Ben- 
ton’s History of Herkimer Co., (1856). 
GEOLOGICAL DEPARTMENT, 

COLUMBIA UNIVERSITY. 
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REGULAR Business MEETING. 

January 1, 1896. 

In the absence of the President, the meeting was called to 

order by Prof. Woopwarp. There were twenty-six members 

and guests present. 

The minutes were read and approved. 

Dr. Franz Boas, of the American Museum of Natural HLis- 

tory, was nominated as resident member. 

Prof. M. I. Pupin then read before the Section of Astrono- 

my and Physics a paper on the ‘“ Magnetic Circuit.” In 

transformers, especially of closed iron core, it has long been 

known that the upper ‘‘ harmonics ” of the fundamental rate of 

alternators, present in the primary are choked out by the trans- 

former leaving the potential difference of the secondary coil 

represented by a simple sine curve. The choking out is less if 

the magnetic circuit is incomplete and least where the coils have 

no magnetic core. Various explanations have been offered to 

account for this phenomenon; and it is doubtless true that it is 

due to Foucault currents and to hysteresis. Dr. Pupin pointed 

out from certain mathematical considerations that by appropri- 

ate measurements, especially of the angle of lag, it would be 

possible to separate the energy consumed in Foucault currents 

from that consumed by hysteresis, and thus be able to study 

this latter puzzling phenomenon. Investigations are in progress 

to test the method experimentally. Prof. Crocker remarked 

upon the interest and importance of the questions involved. 

The second paper was by Dr. A. A. Julien upon “ The Con- 

densed Gas Film on the surface of Solid Bodies with relation to 

(1) Newton’s rings of the first order; (2) Sand flotation; (3) 

Sand in harmonic vibration. Owing to the lateness of the hour, 

Dr. Julien passed over the first two heads, giving an outline of 

the literature of the question of liquid films on solids. He then 

outlined his experiments in sonorizing sands artificially and in 

demonstrating the necessity of an antecedent water film before 

TRANSACTIONS N.Y. ACAD. SCI., Vol. XV., Sig. 7, April 9, 1896. 
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the sand becomes sonorous. The sand must also be of approxi- 

mately uniform size of grain. The paper was discussed by Pro- 

fessors Mayer, Van Nardroff, Pupin and Hallock. 

At 10:50 the meeting adjourned. 
WILLIAM HALLOcK, 

Secretary of Section. 

SratTeD MEETING. 

January 13th, 1896. 

The Academy met with Dr. Curtis in the chair, Dr. Dean 

acting as temporary secretary. There was an attendance of six- 

teen (16) persons. 

In the absence of regular business, the Section proceeded at 

once to the reading of papers. 

The first, that of Dr. Geo. 8S. Huntington on “ Contributions 

on the Visceral Anatomy,” dealt with the visceral anatomy of 

the following forms: 

Myrmecaphaga jubata. 

Tamandua bivittata. 

Arctopithecus didactylus. 

Dadypus sexcinctus. 

Tatusia novemcincta. 

Manis longicaudata. 

In the brain (hemispheres) the uniform presence of a more or 

less modified longitudinal sagittal sulcus parallel with the great 

longitudinal fissure, the tendency to the formation of a trans- 

verse frontal sulcus, and the absence of a distinct Sylvian 

fissure, are to be noted as Edentate characters. In the alimen- 

tary tract the structure of the stomach separates sharply the 

Sloths from the remaining groups, being composite in the former, 

approaching the type of the sub-divisions found in Artiodactyla, 

simple in the others with a more or less well marked pyloric 

gizzard. The ileo-colic junction exhibits a complete series in 
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the forms examined, from the simple ileo-colic transition of 

Manis to the complete caecum of Tamandua. 

Manis longicaudata: Ileo-colis transition direct, marked by 

bend or tube, caliber of large and small intestine uniform. 

Cholepus didactylus: Transition direct, caliber of colon 

larger. 

Myrmecaphaga jubata: Transition direct, difference in caliber 

of colon and small intestine more marked. 

Tatusia novemcinta: Transition direct, colon dilated uni- 

formly, entrance of ileum central. 

Dasypus sexcinctus: Rudimentary bilateral colic ceca, en- 

trance of ileum central and intermediate. 

Arctopithecus marmoratus: Rudimentary cecum, entrance 

of ileum approaches lateral position, folds absent. 

Tamandua bivittata: Czcum and folds well developed, en- 

trance of ileum lateral. 

The arrangement of the blood vessels and the rudimentary 

ileo-czecal folds in this series indicate the early condition of the 

mammalian cecum as compared with the vascular and peritoneal 

arrangement of such forms as the Archoid group of carnivora, 

where the evidence points to the elimination of a former, cecal, 

intestinal appendage, during the evolution of the group. The 

paper also considered the respiratory and genito-urinary tracts 

of Arctopithecus marmoratus. 

The second paper was by Dr. O. 8. Strong on “ The Use of 

Formalin in Injecting Media.” The writer pointed out the ad- 

vantages of fixing whole brains by injecting in situ with forma- 

lin. Formalin (40 % formaldehyde) diluted with an equal vol- 

ume of water is injected into the cephalic vessels until it runs 

from the cut jugulars. After a few minutes the same quantity 

is again injected, and once or twice again after an elapse of fif- 

teen (15) to twenty (20) minutes. The brain is then removed 

and will be found to be completely fixed throughout. The 

swelling usually noticed in formalin hardened brains does not 

appear to take place when this method is employed. Besides 
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the many general advantages of fixing brains by injection, for- 

malin has the especial merit of giving them the best consistency 

for macroscopic work, and, further, such brains are available 

subsequently for the Golgi and Weigert methods, as well as, 

possibly, for cytological methods. Formalin also has the ad- 

vantage that it can be used, as above, stronger than is neces- 

sary for fixation and thus allowance made for its dilution when 

permeating the tissue. When only the Golgi method is to be 

used an equal volume of a 10 % solution of potassium bichro- 

mate may be added to the formalin instead of water. Pieces 

can be subsequently removed, hardened further in formalin- 

bichromate and impregnated with silver. 

Vhe third paper was the following : 

IS PALHOSPONDYLUS A CYCLOSTOME? 

BASHFORD DEAN. 

Department of Biology, Columbia College. 

Palzospondylus has seemed to fill the long-felt need of a 
Paleozoic Lamprey,—to assure the morphologist that the Marsi- 
pobranchs are in reality an ancient chordate stem, one of whose 
generalized members may in primeval times have given rise to 
the descent-line of the jaw- and paired-fin-bearing vertebrates ;— 
to convince him that there is no direct need of regarding the 
Cyclostomes, as Dohrn and others had done, as the degenerate 
survivors of highly specialized forms, perhaps akin to the Tel- 
eosts. With the recent studies of Ayers, on the one hand, 
summarizing the strikingly primitive characters of Bdellostoma, 
and with the discovery of the Lower Devonian Palzeospondylus, 
on the other, there seemed that at the present time it could not 
reasonably be doubted that the Lampreys were the descendants 
of a chordate stem both lowly and ancient. 

The more recent studies on Palzospondylus, moreover, ap- 
peared fully to confirm the early suggestion of Traquair as to 
its Myxinoid characters. Its alliance with Marsipobranchs be- 
came, ‘‘more than probable (Smith Woodward),” “a tolerably 
close approximation to certainty (Traquair), and further dis- 
coveries, when fossils should be found preserved in a matrix 
more compact than the Caithness flagstone, were looked to to 
prove, beyond a question, that its structural details were Marsi- 
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pobranchian. The present writer, among the rest, had believed 
that Dr. Traquair had brought forward a more than strong case 
in his demonstration of the cyclostomian features of the fossil, 
and he was only too willing to accept so important an aid in the 
solving of the puzzle of the Lampreys. He has been, accord- 
ingly, not a little disconcerted to find in one of the specimens 
of Paleeospondylus * in the collection of fossil fishes of Colum- 
bia College, some structural details which are decidedly opposed 
to the accepted view. And he must, therefore, believe that the 
question of the kinships of the Achanarras fossil is still far 
from being solved. The structures referred to appear to war- 
rant the belief that paired fins may have been present, and that, 
on this account, Paleeospondylus could not strictly have been 
a Marsipobranch. 

The specimen in question, shown in the accompanying figure 
(See Plate V, Fig. B, at end of volume) is a small example, 
about 15 mm. in length, poorly preserved as to the caudal region, 
but showing favorably the structures of neck. It is here, as 
will be seen in the figure, that a dusky band may, on either side, 
be graced tailward from the region of the ‘auditory capsules.’ 
These bands, when examined with a glass, are found to resolve 
themselves into a series of ray-like structures, arranged trans- 
versely to the axis of the body, but slightly inclined backward. 
On the right side they are the more clearly seen, and are especi- 
ally noteworthy in the region of the post-occipital (Traquair) 
plates, PO; here they appear in a graded series, RS, snialler in 
front, the largest one taking its origin from the position of the en- 
larged caudal end of the post-occipital. Seven or more can be 
counted; and each element is seen to become thicker distad, 
terminating bluntly. They cannot be said to definitely take 
their origin from post-occipital plates, although they certainly 
appear to, and there is a suggestion that the right occipital plate 
has been formed of metameral elements. The band of ray-like 
structures continues, however, caudad of the pectoral region, 
traceable backward to the region of about one-half the length of 
the vertebral axis. In this hinder region they cannot be dis- 
tinctly followed, although they are clearly present, small in size, 
and but slightly enlarged distally. It might further be said that 
traces of fine ray-like structures have been noted at the side of 
the fossil near the pectoral region, but these at the best are so 
obscure that their presence cannot definitely be determined. 

The exact character of these fin-like structures of Palzeospon- 
dylus cannot, it is evident, be looked upon as entirely conclu- 

nike These had been received through the kindness of Mr. W. T. Kinnear, of Forss, by 
urso. 
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sive from the evidence of this single fossil. But their presence 
is alone sufficient to cause us to review with some care the 
interpretations which have already been put upon the struc- 
tures of the head and gill region of the fossil. .Thus it is 
evident that if ray-like structures are present on the side of the 
body as far forward as the anterior end of the post-occipital 
plates, the ‘“ enlarged posterior part of the skull,” which Dr. 
Traquair regards as “ presumably composed of the combined 
parachordals and ear capsules,” can no longer be looked upon 
as strictly a cranial region, but was rather the encasement of 
the branchial apparatus. And it would naturally follow that 
the capsules of the ear and eye would have to be sought in a more 
anterior situation, in the positions, perhaps, indicated in Tra- 
quair’s figures in the “trabeculo-palatine part of the cranium ” as 
a,borc. The evidence that the ray-like structures were associated 
with lateral, rather than with vertical fins (as the present 
writer at first supposed) is by no means unsatisfactory. (1) 
The head and post-occipital plates of the fossil are arranged 
in perfect bilateral symmetry, showing that there was no 
torsion of these regions during petrifaction. (2) The ray-like 
structures of either side corrrespond to each other, and in their 
extreme anterior position find no analogue among the unpaired 
fins of existing fishes, even among the aberrent Heterosomes and 
Fierasfer. Negative as well as positive evidence, accordingly, 
indicates that these fin-like rays were concerned with the pres- 
ence of paired fins. If this be true, is Paleeospondylus to be re- 
garded as a Marsipobranch? It is certain that the appearance 
of these fin-like structures must give weight to those characters 
of the fossil which have been adverse to its cyclostomian affini- 
ties, and must also tend to make more prominent the lack of 
precise knowledge as to its Myxinoid features. The evidence, 
favorable and unfavorable, might perhaps be summarized thus: 
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MARSIPOBRANCHIAN CHARACTERS OF PALAOSPONDYLUS. 

Positive. Negative. 

Tentacles Similar to those of the naso- Not necessarily marsipo- 
of head. mouth region of Bdellostoma, branchian; mouth surround- 

/or even to the buccal cirrhi of ing tentacles evolved independ- 
_Amphioxus Apparently as ently in some of the larger 
_many as eleven or twelve were groups of fishes, Sharks, and 
_ present. many Teleostomes, e. g., Silu- 
| roids, Pogonias, Hemitripterus. 
| Moreover it is possible that the 

‘ventral cirrhi’’ are displaced 
structures from the cranial re- 
gion, as one of the specimens 
examined by the present writer 
seems to indicate. 

Jaw parts. Unknown. Unknown. 

She Ta Sf Chondrified, massive, filling 
the entire head, this with the 
huge auditory capsules, is far too 
large in size for any known 
Marsipobranch. 

Vertebral —= Highly specialized, massive 
column. centra, with differentiated 

neural arches, entirely un-cy- 
_ clostomian. 

Cauda | Essentially marsipobranchian. But its diphycercal (or per- 
fin. | haps heterocercal) condition 

also common to many groups, 
Shark, Lung-fish, Teleostome. 

Paired ——— | Decidedly non-marsipobran- 
fins. _chian: also the ‘‘ post-occipital 

plates’ which might well rep- 
resent basalia of pectoral fins. 

| 

It will thus be seen that the only character which Palzospon- 
dylus retains allying it with the Cyclostomes is the presence of 
tentacles in the anterior head region, a strong ground of kinship 
be it admitted. But in view of the many un-marsipobranchian 
features, especially if the presence of paired fins be added, can 
the head-tentacles be taken to be in any way a crucial test of 
kinship? Or, on the other hand, would it not be more reason- 
able to believe that these structures, if they be a ring of ten- 
tacles, arose independently within the group to which Palzeospon- 
dylus belongs ? 

The position of the fossil, if not to be regarded as marsipo- 
branchian, is certainly undefinable. One is loth to accept the hy- 
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pothesis of Sir J. W. Dawson* as to its larval characters on ac- 
count of the presence of a well-defined vertebral column, and as 
to its rank as a specialized Stegocephal on account of its totally 
unamphibian fin-like structures. Perhaps one might most reason- 
ably place it with the Ostracoderms among the curiously special- 
ized offshoots of the early chordates, but this position would be 
at the best unsatisfactory. New material, however, may he 
awaited to demonstrate the details of its structures, and to enable 
a more satisfactory solution of the puzzles of its kinships. 

Before adjournment Prof. Osborn proposed the name of Prof. 

C. Lloyd Morgan for corresponding membership. The nomina- 

tion was duly referred to the Council. 

A motion of Prof. Osborn was carried, appointing a special 

meeting of the Biological Section of the Academy for the evening 

of Friday, January 3lst, the meeting to be similar to that held 

during the preceding winter, at which Dr. Poulton, Prof. Cope 

and others took part. It is proposed that Prof. Lloyd Morgan 

open the discussion of the evening on the subject, ‘“ The Origin 

of Instinct.” BasHrorD DEAN, 

Secretary pro,tem. 

Sratep MEETING. 

January 20th, 1896. 

The Academy met with Vice-President Srevenson in the 

chair. There were about twenty (20) persons present. 

The minutes of the previous meeting were read and approved. 

Dr. J. Caumeight was nominated for resident member, and 

the nomination was referred to the Council. 

The Section of Geology and Mineralogy then organized. 

The first paper of the evening was by E. O. Hovey, on 

“The New Discoveries of Rare Minerals on Fort Washington 

Avenue and the New Speedway.” Dr. Hovey exhibited a very 

large crystal of tourmaline, about 95 inches long and 4 inches 

in diameter ; and also some unusually large specimens of xeno- 

* The Salient Points in the Science of the Earth. London, 1893, pp. 285, 286. 
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time and monazite, and mentioned many others that had been 

found in association with these. The paper was discussed by 

the Secretary. It appears in full in the Bulletin of the Ameri- 

can Museum of Natural History, Vol. VII.,341, November, 1895. 

The second paper of the evening was by J. F. Kemp and T. 

G. White, entitled “Additional Notes on the Petrography and 

Distribution of Trap Dikes in the Region of Lake Champlain.” 

The paper appears in full later in this volume. 

The third paper was by W. D. Matthew, on ‘ The Metamor- 

phism of Triassic Coals by Diabase Dikes at Egypt, N.C.” It 

is to be found on a subsequent page. 

The last paper was by J. J. Stevenson, on ‘‘ The Cerillos Coal 

Fields near Santa Fé, N. M.” The paper is printed below. 

The Academy then adjourned. 
J. F. Kemp, 

Recording Secretary. 

THE CERRILLOS COAL FIELD. 

By Joun J. STEVENSON. 

CONTENTS. 
PAGE 

MME OMI CLIOME. Saco ae stiacotsa nisin daa sis Roatan elodeariele cloiee ws asass deca havioes Sei wies saa asatee 106 
Geolosicalistructunemtheareaec.: soecelcscacesaccesneees daeneceeas scree oeasneeenec 107 
Milter BinniptivervOCKSrccccs anes ce eaacsisdne tee ae helteae coecnaaecasenciseences o> clecsscscacue 108 
pe MaTAIT OS ocr eck cosets Se cces ence caacelse so scbiscies = teueaeeecdeseceoesenedlsc ons eaitae 110 
MV eaWVIGE PASM) COAaINDCUETE vases dese scccneewsciseeetssececdee. oe ocene sans deldes ancenivcie ce 111 

Ole Semel ss aacecceteand snc tse tee Pees tactenen ace dolelactsmeatomal ae siaceadanssestester iia 
WET CAS MINING ae fap eessthsicls =i wc oactacte maul ois sole oo esne osaeepte ese auaieev onceeees clos neice 113 
AO EDMAN OAM SINT TE seroce site Soper sieaiecis ness Sonstvigos suena MotiosiseoGin cites hacieeeseecsset 113 
WAC WA SHINING: .ccrneneseesasasecnccesauace deen Wsulereaaeecretneseostenenescsentaces 114 

AN SCONE OS ERTE - nosh oA aetar cs <evosessicenasaeeetaacensamecenieccescutesoteterczane set 115 
EiresCook-W hires Coal Wedkwee.. ssvassebeccecbs sac devc osu sere sck et coees edececlesnases 116 
WharacterishicstohthelCoals-te.ne8 = ae~ ac. cocks tases aes desbeeaass <-Madenesacaviddcan dees aly 

Chemical composition of the White Ash bed...............ceccecsssececercecees 117 
Chemical composition of the Cook-White bed..................:.scsceeeseeeees 119 

Causevet the Metamorphism Of fhe: COal, ..cc..c..20<cseceecandananeuscecsoccasesees 120 
Prof. Kemp’s Notes on the Eruptive Rocks.......................: ARR er CEUE EERE 121 

The Rio Galisteo rises in east central New Mexico and flows 
westward to the Rio Grande. Its bed is on the Dakota, Colo- 
rado and Montana, but the streams from the south drain the 
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Laramie area known for many years as the Placer coal field. 
Its basin lies south from the Spanish ranges, the last continuous 
portion of the Rocky Mountains. The Placer Mountains, con- 
sisting largely of eruptive rocks, are about 25 or 30 miles south 
from Sante Fé, and the patch of Laramie bordering upon them 
is probably only a detached portion of the area extending south- 
ward for a long distance. Other “lost mountains ” apparently 
similar in character to the Placer are seen on the borders of 
that area further south. 

The Placer Mountains were so named because the auriferous 
gravels on their northern side have been worked in a small way 
by the Mexicans. The water supply is so insignificant that de- 
spite the extraordinary richness of the gravels the amount of 
gold obtained has been little more than sufficient during many 
years for the Sante Fé jewelers. Latterly, the Laramie coals 
have been mined very extensively and new names have been 
applied to the more prominent localities, so that the Placers 
are now the Ortiz Mountains, and the Placer coals are in the 
Cerrillos coal field, the latter appellation being taken from petty 
hills beyond the Galisteo, containing the celebrated turquoise 
mine, which was worked for centuries by the Pueblo Indians. 

The Galisteo area possesses much interest because of the sin- 
cular diversity of opinion existing among those who have stud- 
ied the region. Marcou, Newberry, Le Conte, Hayden, Cope 
and Stevenson published notices bearing especially upon the re- 
lations of beds underlying the Laramie. Newberry and Steven- 
son described the Laramie beds, though only after reconnais- 
sance fashion; both of these writers recognized the transition 
from bituminous to anthracite coal ina single bed and found 
the cause in a great dike following the face of the Placer or Or- 
tiz Mountains. 

During August of this year the writer had an opportunity to 
spend a few days in studying a small portion of the Laramie 
area—that controlled by the Cerrillos Coal Company. This, 
lying southward from Waldo and Cerrillos (stations on the 
Atchison, Topeka and Santa Fé Railroad), is barely a mile and 
a half wide from east to west and somewhat more than four 
miles long from north to south. Its eastern boundary is Ortiz 
or William’s Spring cafion. About half a mile west is Coal 
canon, which reaches further south and is somewhat deeper than 
the other. The space between the two canons, in the area 
especially under consideration, is irregular, being cut by shallow, 
longitudinal gorges opening at the north into a rapidly deepen- 
ing channel-way, which begins almost on the brow of Coal 
canon and leads to Ortiz. Further northward, a mesa continues 



1896. | NEW YORK ACADEMY OF SCIENCES. 107 

for a little distance but thence the surface becomes irregular 
and broken. Southwardly, the surface rises to the Ortiz moun- 
tains. 

Waldo station, where are the coke works of the Cerrillos 
Coal Company, is at the mouth of Coal canon; two miles above 
it, in the canon, is the village of Madrid, where one finds the 
Company’s offices. 

This area shows apparently all the workable coal beds of the 
Laramie, and probably contains the greater part, if not practi- 
cally all of the anthracite. It exhibits the gradations from 
bituminous to anthracite as well as some phenomena in struc- 
ture, familiar enough elsewhere, but previously unrecognized 
here. The student now finds better opportunities for investiga- 
tion than did the geologists already named, as the mining oper- 
ations have become extensive, and definite opinions can be 
reached concerning matters respecting which, under other con- 
ditions, only conjectures could be offered. 

Several mines have been opened in Coal canon, the most im- 
portant being in the immediate vicinity of Madrid; the Lucas, 
at the southerly end; the Cunningham, at the village,and the 
White Ash, immediately north from it. These are all on the 
upper or White Ash bed; two mines on the lower or Cook- 
White beds are within the village limits but are not worked.* 

GEOLOGICAL STRUCTURE OF THE AREA. 

No anticline occurs and the dip is almost east, N. 85° E., but 
on Coal canon, at about a third of a mile below the White Ash 
mine, the beds show very rapid northward dip for half a mile. 
Ordinarily the rate does not exceed 15° or 16°, but occasionally 
for a short distance it is much greater. 

No rocks older than the Laramie occur anywhere within the 
area under consideration except near Galisteo River, where beds 
of the Fort Pierre stage are reached. But great masses of 
trachyte, both as dykes and as intrusive sheets, form a charac- 
teristic feature of the anthracite area and extend to half a mile 
or more toward the west. 

The Eruptive Rocks.—The most southerly point visited is on 
Coal canon at probably four miles above its mouth, where one 
of the thinner coal beds was coked six or seven years ago. There, 

as clearly enough fora mile further up the canon, the easterly 
wall is capped by trachyte, 50 to 100 feet thick on the edge of 

* The writer is under many obligations to Mr. James Duggan, Superintendent, and 
Mr. Porterfield, Engineer of the Coal Company, for information which otherwise he 
could not have obtained. Mr. Charles J. Devlin, General Manager of Coal Properties 
of the Atchison, Topeka and Santa Fé Railroad Company, courteously furnished 
copies of the analyses of the coals. 
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the mesa, but increasing rapidly in the side canons, where it has 
suffered less from erosion. Further down, especially near Mad- 
rid, irregular erosion of the wall shows that this sheet dips with 
the stratified rocks. Its northern limit is at the road leading 
from Madrid to Ortiz caion, whence northward the mesa is 
lower. Following that road beyond its summit, which is at the 
westerly edge of the mesa, one finds an unbroken mass of the 
trachyte south of the road, extending almost to Ortiz canon and 
apparently continuous southward to the Ortiz Mountains, all 
overlying beds having been removed by erosion. As far as could 
be ascertained, only a narrow dyke-like strip, not more than 70 
feet wide, extends northward beyond the road and terminates 
near the bluff overlooking the White Ash pit. The mass south 
from the road is interrupted in a petty cafion and in like man- 
ner by Ortiz canon itself, Laramie rocks being exposed in both. 
It is certainly thinner in these canons, for coal beds are shown 
in the former at several yards higher than an exposure of the 
trachyte little more than 100 yards further west. There seems 
to be good reason for believing that the sheet broke across the 
strata near Ortiz cafion so as to rest on higher beds there than 
in Coal cafion. 

Erosion has cut this sheet into long strips between Coal and 
Ortiz canons so as to make it resemble a series of dikes—a re- 
semblance increased by the abrupt change in course at a little 
way west from Ortiz canon. But the slopes of the White Ash 
and Lucas mines have passed underneath this mass, the former, 
now 3100 feet long, extending to within a few feet of Ortiz 
canon, and, therefore, practically beyond the limit of the sheet. 

A very distinct dike, 4 feet wide, was seen in a little side 
canon just below the old Boyle mine on Coal canon. It passes 
directly into the overlying mass, but its northward extent could 
not be ascertained. Another, fully 12 feet wide, is shown at 
Madrid, near the Company’s store; it passes through the village 
and soon becomes a conspicuous feature northward, along the 

westerly side of Coal canon. These are distinctly dikes, with 
the stratified rocks in direct contact on both sides; but they are 
evidently branches from a deeper sheet, which does not come to 
the surface along Coal cafion. The broader dike does not reach 
to the upper sheet near Madrid, for it has not been crossed in 
the Lucas mine. 

Two years ago the coal company drilled a hole, beginning on 
the mesa west from Coal cafion. The lower sheet of trachyte 
was reached at about 200 feet from the surface and proved to 
be almost 200 feet thick. It outcrops in a shallow cafion at the 
west, along which it can be traced southward into rugged hills 
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rising some hundreds of feet above the mesa. On the road 
from Madrid, and considerably south from the bore-hole, this 
rock is crossed in an arroye at a higher elevation than in the 
hole, so that there it has burst through the stratified rocks to 
form a dike which is continuous with the hills already referred to. 

The lower sheet extends northward further than does the 
upper, but disappears before the northern face of the mesa has 
been reached, for no traces of it were seen along the road or 
along that face, where the exposures are very distinct. The 
thinning out and abrupt termination of this sheet have caused 
the rapid and abnormal northward dip shown in Coal canon and 
in the northerly levels of the White Ash mine at half a mile 
from the crop, where it is very annoying. 

As already stated, the appearance of these sheets at more than 
one locality is precisely that of typical dikes, but there is no 
possible dispute respecting the intrusive character of the upper 
sheet, still more than 150 feet thick in places, for the slopes of 
mines on the White Ash bed have passed underneath it to its 
eastern limit without crossing any eruptive rock whatever; and 
the lower sheet is equally proved, for in the bore-hole the Waldo 
coal bed occurs, with the Miller’s Gulch coal bed, at the proper 
distance below, increased by the thickness of the trachyte. The 
structure in this coal field is extremely like that in the Anthra- 
cite range of Colorado, as described by Dr. Cross; * the Ortiz 
Mountains being the main mass whence extended the sheets, 
which may have been joined by dikes filling fissures formed dur- 
ing the intrusion of lava. 

The region further south, where gold mining has been carried 
on for many years in a very small way, has always been re- 
garded as badly cut up by-dikes. In the Cerrillos coal fields the 
expected amount of coal was small because of the enormous 
dikes, while in the gold field boring for water was thought to be 
useless for the same reason. But the dikes have proved to be 
sheets in the Cerrillos region and there is good reason for sup- 
posing that they are sheets in the gold field, for several holes 
drilled in 1895 have yielded a good supply of water.+ 

The Laramie Rocks.—The Laramie or highest stage of the 
Rocky Mountain Cretaceous is represented by light yellowish 
to gray sandstones and gray to black shales. For the most part 
the sandstones are deficient in cementing matter and weather 
readily, the thicker beds showing a cavernous surface at the out- 
crop and their fragments assuming a spherical or oval shape. 

* Whitman Cross. The laccolitic mountains groups of Colorado, Utah and Arizona. 
In the 14th Ann. Rep. of U.S. G. S., pp. 157-241. Fig. 31, p. 187. : 

+ For description of the rocks, see notes by Prof. J. F. Kemp, appended to this paper. 
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Occasionally the thinner beds or those less massive are harder 
and sometimes, though rarely,a bed of comparatively hard rock 
is found which answers for building in a region where the rain- 
fall is not great and the chief enemy to durability is the extreme 
range of temperature. The proportion of shale is greater than 
at more northern localities and short sections are similar to those 
obtained in the coal measures of Ohio and western Pennsylva- 
nia, Asin the Rocky Mountain areas, limestone is apparently 
wanting, no bed having been seen. 

The regular dip, the persistence of the sandstones and the ab- 
sence of vegetation make exposures numerous and continuous 
along the cafions. At the same time the entire absence of lime- 
stones and the notable similarity of the sandstones render the 
making of a general section somewhat difficult, for no means is 
available except that of direct tracing, which is often perplexing 
in passing from one canon to another. The sandstones for the 
most part appear to be non-fossiliferous, the only distinct im- 
pression being that of a cypress in a sandstone above the White 
Ash coal bed. The highest sandstone of the section, which, how- 
ever, is evidently far from being the highest bed in the field, 
contains abundance of silicified wood at about half a mile north 
of east from Madrid. 

The coal beds are very numerous, there being nine within 77 
feet below the White Ash seam, but only one of those is more 
than a foot thick, and several of them are not persistent in all of 
the sections. The very considerable thickness of shale and the 
extensive deposits of sandy clay overlying several of the beds 
suggest that the depression after the bed was formed must have 
been gradual and that this area must have been at a consider- 
able distance from the even slightly elevated mainland at the 
north. 
It is unnecessary at this time to give detailed sections, as this 

paper is merely preliminary * and has for its purpose only the 
presentation of such facts as bear upon the condition of certain 
coal beds. The essential features are given in the folllowing 
section, the unimportant coal beds being omitted : 

L.. .Sandstones and siasles 2.9). eee: 2 OS 
2. White Ash coal bed... %: ... escent a6" tov ate 
3. Sandstones, shales and thin coal beds ..... TO? 
ASC OGL 06d, COMING. o's. cis oi) coms here to “2ees 
5. Sandstones, shale and thin coal beds....... 40’ 
G-2Cogt bed. ang Shale feo. a6. «aston: a to >. a 

A sudden illness brought the writer’s studies to an end before the work was fin™ 
ished and the imperfect results are presented only because, as far as they go, they ap- 
pear to possess some interest. 
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ji oandstone amd: shales 225 Shae das e's se 40’ 
eee OUOl- Wie COM UE Gia sttrs tas Memes 2 Ss a 
9. Sandstone, shale and thin coal beds, about 150’ 

MOT ado coal bed | s2 OSs) nae aoe kee ak 4’ 
11. Sandstone, shale and thin coal beds .......250/ 
Le Miller's: Gulch coal bed’.23 «aoe eee: a 
13. Sandstone, shale and thin coal beds ....... 200/ 
lARLontelierreushales... 4c:sti. nae ae 

The Fox Hills stage of the Rocky Hovis: region is not 
represented in this area. 

The sandstone at the top of the section is shown on a tri- 
angular hill in Coal cafion half a mile below the White Ash mine, 
It is comparatively fine-grained, soft, yellow; evidently the same 
sandstone is shown near Ortiz cafion, where it contains silicified 
trunks of trees. Some of the fragments which have weathered 
out are of large size, one having been seen which is about 2’ 
thick and 3 feet long. This silicified wood is by no means so 
beautiful as that seen in some portions of California and Nevada, 
or even as that from the Chalcedony Park, of Arizona, but the 
replacement is complete and the structure of the wood is dis- 
tinct in many of the specimens. This sandstone passes below 
higher beds at the east, just beyond Ortiz cafion. 

The White Ash coal bed, known as the Boyle, Lucas or White 
Ash vein, is the important bed of the Cerrillos district and the 
only one now worked to any extent. It outcrops on the easterly 
side of Coal cafion, where it was examined from about two miles 
above Madrid to its disappearance below the surface at about a 
mile below that village. It was opened long ago at several 
places and the coal was carted several miles to the nearest rail- 
way station. 

The Boyle mine, about a mile and a half above Madrid, the 
most extensive of the old openings, is, like the other old pits, 
almost shut and the coal cannot be reached, but fragments on 
the dump show that the coal is anthracite. Another opening 
was seen in a small side cafion, less than a quarter of a mile fur- 
ther down, which shows 

(CROC NBE EOS ei Se eee Ae EB Oe 
Waar racers bias telveistte ey Se «Se. Meese, iPeRsiag 
CORY CEL Ga OR Se cee eons MaMa aalals ot St’ 
Mone shiale pants arraeroivencriaih, secmianee Sell creas stb os Ore”, 

The distance to the bottom of the upper trachyte sheet 
is about 50 feet, but the upper 35 feet of the interval is con- 
cealed; at the Boyle mine it is barely 10 feet and on the op- 
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posite side of the little cafion it is less than 20 feet with the con- 
tact concealed. The coal is roofed by 1 foot 7 inches of lami- 
nated shale, black at the bottom, with 7 feet 6 inches of clay and 
6 feet of sandstone above. 

The upper division of the coal is evidently the “ rider” coal 
of openings further down. The lower division shows no distinct 
partings but has a streak of ‘“‘ bone,” sometimes 6 inches thick 
but very irregular and often absent. The coal varies much but 
is anthracite in both divisions. For the most part, it compares 
well with any from Pennsylvania, though the lustre is less bril- 
liant, but some portions are rudely prismatic and have a gray- 
ish black tint not unlike that of the Rhode Island graphitic 
anthracite. The coal is jointed and slipped throughout and in 
many portions the surfaces of fracture resemble those of Ken- 
tucky birdseye cannel. 

The coaly shale below rests on shaly clay which passes g orad- 
ually into impure fireclay. 

Numerous pits have been opened further down the cafion, but 
no systematic mining has been done above Madrid, where one 
comes to the Lucas mine. A fine breaker with a daily capacity 
of 800 tons has been erected there at the terminus of a branch 
railway from Waldo station, about two miles distant on the 
Atchison, Topeka and Santa Fé railway. 

The section exposed along the tramway leading from the mine 
to the breaker is 

MP Slowis«. x.cts't)\. Lrasicee nes. oars tio eee: 10’ 
Yio White: Ash coat beds. 25 < nck ae eens BG 
oe Cilayvshalesc,..2\nicek omits Ch oan eee 8/ 
MGORL ash, Nouri nate, xe wis ele ST BA emda ate re 
oO: wandstone and). Shale .iis.05 are masse ae 6’ 
62 SShialec ily Alu eloee hid ee coker s/t 
Ui OOGK. 1 wilds G3) 1v Ase, oh oa eee ee Oe gh 
Si Glayviand ‘shalesccn ot. miaaeodoee eae 3/ 
Di xGaGhics J. o Gs ahedice. eta wages se 8/1 

10. Blaok:shale orelay aie: .aaeecelle er eS hs 
It, Sandstone, Seen... 0:;: 0-0 «sian eee af 

The “rider” coal bed seen near the Boyle mine at only 1’ 3’ 
above the main seam is represented here by an irregular seam, 
several, sometimes 6 feet above, the interval being filled with 
clay, which forms the roof in this mine—a roof which would be 
regarded as very insecure in a moist climate, but which proves 
a source of very little anxiety in this arid spot, to which all the 
water consumed must be brought by rail. The White Ash coal 
is from 2/ 4’’ to 2’ 7’ thick near the mouth of the slope, but 
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within the mine it sometimes becomes 4 feet, though seldom ex- 
ceeding 3 feet. The Sandstone, No. 11, is an insignificant fea- 
ture here and for some distance beyond, but below the White 
Ash mine it becomes a well-marked horizon. 

The slope in the Lucas mine is somewhat more than 1,000 feet 
long toward the south of east and levels have been set off both 
right and left at distances of approximately 100 feet, so that a 
large amount of coal has been removed. The bed dips regu- 
larly almost toward the east and the fall along the slope is about 
26 feet per hundred. 

The coal as seen in the breaker gives evidence of having been 
subjected to great pressure ; some portions have been so crushed 
and rolled that the coal is laminated as much as that from some 
Vespertine localities in Virginia, and the polished surfaces, often 
curved, are frequently not more than one-fourth of an inch apart. 
Yet the fragments have been so consolidated as to bear hand- 
ling fairly well and to yield in the breaker a large proportion of 
marketable coal. Other portions, yielding less waste, show 
equally well the effect of movement and consequent crushing, 
for they are jointed in two systems and often break into rhom- 
boidal prisms. In still other portions the influence of disturb- 
ance is not shown, for large specimens with conchoidal fracture 
like that of the Pennsylvania anthracite exhibit the type. The 
bed contains some “ bone” at this mine, but the thickness is un- 
important and its distribution very irregular. 

The most profitable coal is found in the Ist and 2d levels 
south ; that in the 4d and 4th is of excellent quality, but some- 
what inferior to the other; in the other southerly levels the coal 
becomes less and less good, so that at the end of the slope, 
about 1,000 feet from the crop, the quality is quite inferior. 
The northerly levels all reach coal so tender as to be unprofit- 
able; the southerly boundary of the tender coal approaches the 
slope, so that it is reached in the 4th level north at only 400 feet. 

The Cunningham mine, at the lower end of the village of 
Madrid is about 1,100 feet long. It entered tender coal almost 
at once and its first level southerly was carried to within about 
500 feet of the first northerly level of the Lucas. 

The White Ash mine, below Madrid, and the most extensive 
in this region, was opened and much coal taken from it before 
the present company secured control of the territory. At the 
time of examination the slope had been driven 3,100 feet and its 
face was almost under Ortiz cafion, being practically at the 
angle between that cafion and the irregular ravine followed by 
the road from Madrid. Two “rider coals” within twelve feet 

TRANSACTIONS N, Y. ACAD. ScI., Vol. XV., Sig. 8, April 10, 1896. 
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above the main coal were exposed in this mine by a fall of the 
roof. 

The dip is from 10 to 12 degrees, the slope being off the line 
of greatest dip, but in the 5th level, northerly, an abrupt change 
to 45 degrees was found, which continued for but a short dis- 
tance. Only two faults have been encountered, the larger one 
having a throw of 17’. The most serious trouble is on the 
northerly side, where a great sandstone “ horseback ” several 
hundred feet long and at one place 75 feet wide replaces the 
coal. The bed is from 4 to 7 feet thick. 

The coal varies as in the Lucas mine. The best is hard, makes 
but little dirt, burns freely and has about 39 per cent. of vola- 
tile combustible, yielding by actual test about 10,000 cubic feet 
of gas per ton. It shows abundant evidence of crushing and 
disturbance, but bears handling well and for the most part the 
“run of mine” is shipped. But another grade occurs, in quan- 
tity sufficient to cause serious annoyance and loss. It is the 
“ soft’ coal to which reference has been made already. It is 
dull, sometimes slightly granular in appearance, is so tender 
that it can be crushed between the fingers. Most fragments 
exhibit on the smoother surfaces a typical cone-in-cone struc- 
ture, with occasionally a suggestion of wrinkling, such as is 
shown by Siberian graphite. The friability is such that no use 
has been found for this coal and it is thrown on the dump as 
waste. 

The marketable coal is obtained for the most part from the 
northerly levels; the tender coal is reached in the first level 
south at 800 feet from the slope and it has been followed thence 
for 1,300 feet into the old Cunningham mine, where, as already 
stated, it prevails to the end of southerly levels or to within 
about 500 feet of the first level, north of the Lucas mine. This 
level has been in the tender coal for 150 feet, so that the north 
and south face of the unmarketable coal is more than 3,000 feet 
along Coal cafon. The slopes of the White Ash and Lucas 
mines are approximately parallel, the amount of divergence be- 
ing unimportant in this connection. The southern boundary of 
tender coal in the Lucas mine approaches the slope; the northerly 
boundary of the tender coal approaches in like manner the slope 
of the White Ash, so that the end of the slope in each mine had 
reached inferior coal at the time of my visit. But it is very cer- 
tain that not all of the area within these limits is occupied by 
inferior coal, for in the White Ash, sixth level north, the poor 
coal, reached at 125 feet from the slope, was but 325 feet wide 
and passed into excellent anthracite, which was followed for 125 
feet. 
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The passage from bituminous coal to anthracite is through 
this crushed coal and is gradual. According to the statement 
of Mr. Porterfield, the coal company’s engineer, the change 
from crushed to anthracite is completed within 50 feet as shown 
in the sixth level. The anthracite comes in at the bottom and 
thickens gradually, the crushed coal being replaced by the lami- 
nated and that by harder, almost homogeneous coal showing lit- 
tle trace of disturbance. 

Several abandoned openings were seen below the White Ash 
mine. The Greene slope was stopped at 1,100 feet because the 
coal pinched out, and another, just beyond, was stopped at 250 
feet for the same reason. This disappearance of the coal may 
be connected with the great ‘‘ trouble ” already mentioned as oc- 
curring in the White Ash. At this last opening begins the very 
rapid northward and northeastward dip already mentioned as 
due to the disappearance of the lower trachyte sheet. Several 
trial pits expose the coal as it descends quickly toward the floor 
of the cafion, where it is last shown at the bottom of a hill, 
opposite the point of a spur from the west side, at perhaps half 
a mile below the White Ash mine. 

There remain to be noticed in connection with this bed only 
the old openings in a narrow irregular caion immediately west 
from Ortiz (William’s Springs) cafion. The section is 

mele ime Clay si: cise cee cies oc 8’—10/ 
a OR) Sine ea AA Bere! 
pallies 3! 
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The coal is distinctly anthracitic and it was mined years ago 
to be carried in wagons to Cerrillos station. The place of this 
bed was not determined satisfactorily, as the little canon is 
almost cut off by the trachyte overflow. It seems to be higher 
than the White Ash, but its dip should carry it far below the 
surface at the junction with Ortiz cafion and so bring very near 
to that bed. 

The Coal bed, No. 4, the Coking seam, is from 1’ 6’’ to 2’ thick 
and is roofed by 6 feet of drab clay, on which rests a 6-inch 
streak of coal. It was mined years ago at 2 miles or more 
above Madrid, where it yielded a good coal, which was coked in 
ricks upon the ground. The ricks were numerous and several 
hundreds of tons of coke must have been made. Fragments 
lying on the ground show that the quality was far from being 
inferior. -The interest attaching to this bed is in the fact that 
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at not more than 70 feet higher is the hard anthracite of the 
White Ash, and at more than 80 feet lower is the Cook- White 
bed, whose coal, if not anthracite, is certainly much changed. 
A trial pit was seen in this bed near the Boyle mine, but it had 
fallen shut. This may be the bed opened on the west side of 
the cafion at somewhat less than half a mile below the White 
Ash mine. 

The Cook-White or Red Ash coal bed, No. 8 of the section, is 
not worked at present. Its outcrop is shown on the east side 
of Coal cafion from a short distance below the White Ash mine 
to somewhat more thana mile above Madrid; but below the 
Boyle mine the floor of the cafion begins to rise so rapidly that 
there is no reason to suppose that the bed will be reached again 
in that direction, and its outcrop must be sought further west. 

An imperfect exposure at about a mile and a quarter from 
Madrid shows: 
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with the bottom not reached. Another old pit somewhat fur- 
ther down shows a slight difference : 
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and the bottom is not shown. An opening near the ball-ground 
has fallen shut, but fragments on the dump as well as on the 
dump of another old pit near the railroad tank-house show that 
the coal has undergone material change and that much of it is 
anthracitic. A pit, now closed, behind the company’s store at 
Madrid is said to have yielded some natural coke, which is by 
no means improbable as the dyke, so conspicuous farther down 
the cafion, passes very near the mouth. An old pit, directly un- 
der the mouth of the Cunningham mine, shows: 
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the dip being 15 degrees almost due east. No work has been 
done here for a long time, but in the early summer of 1895 a 
shipment was made from another opening at the lower end of 
Madrid. This coal is very tender, such as hardly to bear hand- 
ling, and in many ways resembles the more tender portions of 
the Pocahontas coal; but it is much less friable than the poorer 
varieties of the White Ash. The latter have apparently little 
value as steam producers, the flame being drawn away from the 
coal as soon as the draught is put on; but the Cook-White coal, 
as tested by a late shipment, proves to be excellent as a steam 
producer. The purchaser imagined from its appearance that it 
would be a good gas coal, but when tested it is said to have 
yielded but 2,000 feet per ton, equivalent to about 8 per cent. of 
volatile; this, however, does not accord with the results of 
analysis as given later on. 

The last exposure seen is in the long side cut on the railroad 
below the White Ash mine, where the bed is 2’ 8’’ thick and 
single. Its coal appears to be bituminous, but the crop is so 
decomposed that any positive statement respecting its character 
cannot be given. The bed passes below the surface at a short 
distance beyond this exposure. 

CHARACTERISTICS OF THE COALS. 

The most interesting feature of this region is the distinct 
transition of bituminous coal into anthracite as exhibited in a 
single bed. At one time wagons carrying bituminous coal, 
others carrying semi-bituminous and still others loaded with 
anthracite, could be seen in the same train as it was hauled out 

of the White Ash mine. 
The composition of the best bituminous coal, that obtained in 

the northerly levels of the White Ash mine, is shown by the 
following analysis (W. D. Church.) 
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The coke is strong and tough. The same chemist gives the 
following as the composition of the ash: 
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The calcium oxide is derived from calcium carbonate. which 
appears as stains and occasionally as crystalline plates along 
the cleavage. The color of the ash is light yellowish gray; 
phosphorus is only 0.006; and the specific gravity of the coal is 
1.410. 

The composition of an average sample of the anthracite em- 
bracing nut, stove and egg sizes, taken from the bins at 
Topeka, is (W. D. Church). 
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The color of the ash is given as reddish ochre. The specific 
gravity varies from 1.537 to 1.540. 

These analyses show some curious variations in composition 
of the ash, there being a very notable increase in the proportions 
of silica, alumina, oxide ofiron as well as of alkalies, while there 
is a very striking decrease in calcium and magnesium com- 
pounds. The volatile matter has been removed, yet the ash re- 
mains practically the same. These variations are not easily 
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explained, unless we regard the coal as originally different in 
composition at the White Ash and Lucas localities, since the 
anthracite owes its origin not to longer continuance of the pro- 
cess of conversion from vegetable to coal, but to the prompt 
action of heat causing metamorphism. 

The distance between good bituminous coal and good anthra- 
cite is little more than 2,000 feet along the strike; but it must 
be remembered that the anthracitic character is not lost ab- 
ruptly in the northerly levels of the Lucas mine; the change 
takes place gradually, so that even where the mining ceased at 
500 feet north from the slope much of the coal is very good. 
Mining was stopped because the coal is so much broken as to be 
wasted in the breaker. It should be rernembered also that the 
space between the White Ash and Lucas contains some anthra- 
cite of the best quality, as was proved in the sixth level, south 
of the former mine. At the same time there is every reason to 
believe that a very great portion of the space between the two 
mines is occupied by the “ tender’’ coal, showing gradual transi- 
tion from anthracite to bituminous. 

The Cook-White bed, about 150 feet below the White Ash, 
shows a similar change in character, though analyses have not 
been made of the different grades. Fragments on the dumps of 
old openings south from Madrid shows that the coal is anthra- 
cite. At the lower end of Madrid, about midway between the 
Lucas and White Ash mines and almost directly under the en- 
trance to the Cunningham mine, the coal of the lower bed is 
tender, but less so than that from the upper bed, even in the 
Cunningham. An analysis of coal from this mine by W. D. 
Church gives its composition as 
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which shows that it contains much less volatile than the White 
Ash at a little way farther north. The results of this analysis 
do not agree with those of a test of two carloads. The coal 
was supposed from its appearance to be rich in gas, but the 
trial is reported to have shown a yield of only 2,000 cubic feet 
per ton. As White Ash coal yields about 10,000 cubic feet of 
gas per ton, it would appear that the Cook-White coal from this 
pit should average not more than eight per cent. of volatile. 

No analyses of this coal have been made from any locality 



120 TRANSACTIONS OF THE [san. 20, 

lower down the cafion and none of the pits seen is in condition 
to give samples fit for analysis. But this bed should yield 
bituminous coal near the White Ash mine if the change toward 
the normal condition continue northward. An opening in Mad- 
rid is reported to have yielded some natural coke near its 
mouth. 

The thin coal beds above the middle of the interval between 
the principal beds are bituminous and show no evidence of 
change, even at two miles or more above the Lucas mine, where 
they yielded excellent coal for coke. These beds are badly cut 
by clay seams, the coal being replaced at times for several feet. 
Such complete replacement of the coal occurs very rarely in the 
White Ash and is unknown in the more southerly mines. 

CAUSE OF THE METAMORPHISM OF THE COAL. 

As already stated, both Dr. Newberry and the writer found 
the cause of metamorphosis in heat of eruptive rock in contact 
with the coal. The observations recorded in this paper seem to 
confirm that opinion, which, when first presented, was rather a 
suggestion than a conclusion, the facts being known imperfectly. 
The centre of eruption being in the Ortiz mountains, only two 
or three miles south from the area examined, the metamorphism 
ought to be more marked as that centre is approached. That is 
distinctly the condition, for at the most southerly pit showing 
the coal well, the anthracite is very hard and in part resembles 
the Rhode Island coal; but the change is less and less toward 
the north until normal coal is reached in the White Ash mine 
below Madrid. 

The gradation is equally clear in the coal of the Cook-White, 
but the small beds between the main seams appear to contradict 
the hypothesis, as they are decidedly bituminous at half a mile 
beyond the locality where the White Ash yields the hardest an- 
thracite. This condition, however, may be explained by the 
fact that the beds are not continuous; the clay seams would 
prevent the passage of heat from one portion to another. 

The conditions at several localities show that mere proximity 
to a mass of eruptive rock is insufficient to produce any mate- 
rial change in the coal. The lower plate is only 8 to 10 feet be- 
low the Waldo coal bed in the bore hole west from Coal canon, 

but, though 200 feet thick, it has had no appreciable effect upon 
the coal. The interval between the White Ash bed and the 
upper plate shows insignificant variations along the mesa front 
in Coal cafion, and the interval must be approximately the same 
in the newer portions of the White Ash mine; yet in the Lucas 
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mine and all points examined south from it the coal is anthra- 
cite; whereas at all points north from it to the border of the 
eruptive rock one finds only transition coal. 

Direct contact appears essential to change. The occurrence 
of anthracite in the 6th level south of the White Ash mine sug- 
gests that the upper plate comes down to the coal for a short dis- 
tance before changing its course into higher beds of the section, 
or possibly that a dike exists there like that in the upper part 
of Coal cafion. If direct contact be necessary there is no diffi- 
culty in explaining the decreasing extent of change observed in 
the coal as one follows it from the centre of eruption. 

The cause of the crushed or friable coal is not far to seek, the 
limits of that material being fairly well defined. It is found 
near the border of the upper plate, in the space where the influ- 
ence of the metamorphosing agent is becoming markedly less. 
Undoubtedly the intrusion of the trachyte plates, each not far 
from 200 feet thick, caused crushing of the coal at all points as 
far north as the edge of the upper plate, but the effect appears 
to be more and more marked as one passes northward from the 
Lueas mine; for the anthracite soon shows a foliated structure 
in spite of the change in composition. Further down where the 
thickness of the upper plate becomes less and the compressing 
power above consequently less, the slipping and crushing due to 
the intrusion of the lower plate would become more effective. 
But beyond the limits of that plate there was only the uplifting 
influence of the lower, and the coal is not crushed sufficiently to 
injure it for commerical purposes, though the effect of the cer- 
tainly somewhat abrupt displacement is distinct in the many 
slickensides shown in all parts of the White Ash mine. 

Prof. J. F. Kemp describes the eruptive rock as a trachyte 
closely allied to andesite ; so that its outflow was early, possi- 
bly at the time of the Laramide elevation, when great outpour- 
ings of andesite occurred in Colorado, Utah, Wyoming and 
Montana. It may be true also that these intrusions were prior 
to the folding of the beds, though the fact that the sheets follow 
closely planes between the strata is not necessarily decisive 
upon this point. The feature of especial interest is that the 
coal was completely formed when the disturbance took place, 
there being not only no evidence of pulpiness but every evidence 
that the coal was hard. It was crushed into minute fragments, 
slickensided like the Utica shales of Franklin county, Pa., or 
laminated like the Vespertine coals of southwestern Virginia. 
It seems, therefore, reasonably certain that the process of con- 
version was complete before this disturbance began; complete 
not only in the lower beds, but also in the White Ash, at nearly 
900 feet above the bottom of the Laramie. 
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Heat from crushing and folding did not produce the meta- 
morphosis. The slickensided coal of the White Ash mine has 
almost 40 percent. of volatile; the ‘‘ Coking seam” in the upper 
part of Coal cafion is decidedly bituminous, though the White 
Ash, higher up the hill is an almost graphitoid anthracite. 

The facts appear to point to but one conclusion—that the 
coal was changed into anthracite solely by contact of the beds 
with the enormous mass of eruptives. 
Nore.—The specimens of eruptive rock obtained near Madrid 

were submitted to Prof. J. F. Kemp, who has furnished the fol- 
lowing results of his examination. 

1. Mesa, Coal Cation. Markedly porphyritic rock. Pheno- 
crysts, orthoclase in excess, plagioclase much rarer ; hornblende 
abundant, augite much rarer. The groundmass is both finely 
crystalline and glassy. The orthoclase phenocrysts are zonal, 
and generally of six-sided cross-section with extinction parallel 
to one of the sides. The rock is a trachyte and has the texture 
of a surface flow. 

2. Dike near Boyle’s Mine, Coal canon.—Markedly por- 
phyritic. Phenocrysts of orthoclase and plagioclase, former in 
excess; hornblende abundant, augite much rarer; occasional 
quartz. Some small shreds of augite and hornblende; magnetite 
and titanite. The rock is a trachyte and has a texture not dif- 
fering essentially from a surface flow. 

3. Mesa above White Ash Mine.—Markedly porphyritie. 
Phenocrysts of both orthoclase and plagioclase, but both show 
strains and undulatory extinctions. Much green hornblende, 
comparatively little augite, titanite, magnetite; finely crystalline 
groundmass containing some glass. The rock is a trachyte and 
has the texture of a surface flow. 

4. Dike below the White Ash Mine.—Porphyritic structure 
poorly, if at all developed. The rock is holocrystalline. The 
feldspars are much the most abundant minerals and orthoclase 
is more common than plagioclase. Augite is abundant in well 
bounded crystals and surpasses hornblende in amount, Par- 
allel growths of the two occur. Magnetite and titanite are 
present. The rock is a dike or deeper seated phase of the others 
and to this owes its tendency to a granitoid structure. 

T should think that all four specimens were derived from the 
same igneous magma and eruption, and that the mineralogical 
variations and the difference between the texture of the last and 
those of the others were not suflicient to make them worthy of 
different names. They are all trachytes with close affinities 
for andesites. No. 3 in particular is strongly andesitiec. 
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Pusriic LEcTURE. 

January 27th, 1896. 

The second public lecture in the course of 1895-96 was de- 

livered by Prof. R. E. Dodge, of the Teacher’s College, on 

“The Physical Geography of New York City and Neighbor- 

hood.” The lecturer illustrated his remarks with an extensive 

series of lantern views and was attentively listened to by about 

fifty persons. 

At the conclusion of the lecture a vote of thanks was extended 

the lecturer. bg 
J. F. Kemp, 

Secretary. 

ExtrA MEETING OF THE BIOLOGICAL SECTION. 

January 31st, 1896. 

An extra meeting of the Biological Section of the Academy 

was held on the evening of January 31st, in Hamilton Hall, 

Columbia College. 

The object of the meeting was to hold a symposium and dis- 

cussion on the “ The Origin of Instinct.” 

The discussion was opened by Prof. C. Lloyd Morgan, of 

Bristol, England. It was participated in by Prof. J. Mark 

Baldwin, of Princeton University, Prof. J. McK. Cattell and 

Prof. H. F. Osborn, both of Columbia University, and others. 

Nearly 100 persons were present. 

J. F. Kemp. 

Secretary. 

REGULAR Business MEETING. 

February 3d, 13896. 

The Regular Business Meeting of the Academy was held on 

February 3, 1896, at Hamilton Hall, Columbia College. Presi- 

dent J. K. Rees in the chair. Fifteen persons present. 
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The minutes of the last meeting were read and approved. 

The Secretary reported from the Council that the following 

persons were recommended as resident members : 

Dr. Franz Boas, Anthropologist of the American Museum of 

Natural History. 

Prof. Nicholas Murray Butler, Columbia College. 

Prof. Wm. H. Carpenter, Columbia College. 

Dr. J. Caumeigt, 228 West 43d Street, New York City. 

Prof. Richard Gottheil, Columbia College. 

Prof. A. V. Williams Jackson, Columbia College. 

Prof. H. T. Peck, Columbia College. 

Prof. E. D. Perry, Columbia College. 
Prof. Thomas R. Price, Columbia College. 

Prof. Henry A. Todd, Columbia College. 

Mr. Gilbert van Ingen, Columbia College. 

Prof. J. R. Wheeler, Columbia College. 

Prof. Jacoby proposed the following new members : 

Dr. W. S. Dennett, 8 East 49th St., New York City. 

Dr. T. A. Humasson, 42 West 76th St., New York City. 

The Section of Astronomy and Physics then organized. 

After reading the minutes, the Secretary announced that Prof. 

Mayer was absent on account of sickness and that consequently 

the paper by him would be postponed until the next meeting of 

the section. 

Prof. Rees then called the attention of the section to the 

bill of Representative Hurley for the introduction and adop- 

tion of the metric system in the departments of the govern- 

ment and the country at large, and urged that some action be 

taken by the society looking to the endorsement of such a bill. 

It was decided to leave the discussion of this bill to a meeting 

of the Academy later in the evening. 

Prof. Harold Jacoby then read a paper “ On the Reduction of 

Astronomical Photographs taken near the Pole of the Heay- 

ens,” and explained that the method consisted in taking a photo- 

graph of the pole of the heavens with a telescope stationary 

with reference to the earth. Under these circumstances each 
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circum-polar star traces the arc of a circle on the plate exactly, 

and from a micrometric study of these curves it is possible to 

locate the pole exactly and also to determine the right ascen- 

sion and declination of these stars. The method, if carried out 

through a number of years, would result in valuable additions to 

our knowledge of the variation of latitude, precession of the 

equinoxes, nutation and aberration constants. 

The meeting of the Section then adjourned. 

On the adjournment or the Section of Astromony and Physics 

the business meeting was resumed, President J. K. Rees in the 

chair. 

After considerable discussion regarding the adoption of the 

metric system, which resulted from the paper previously pre- 

sented by Prof. J. K. Rees, the following resolution was 

adopted, with the understanding that it should be brought by 

the Secretary before the Sections of Biology and Geology and 

then go to the Council, so that it might be acted upon at the 

annual meeting to be held on February 24th : 

‘““ Resolved, That the New York Academy of Sciences ap- 

proves of the adoption of the metric system of weights and meas- 

ures at the earliest practicable moment and that the Council of 

the Academy be requested to consider the matter with a view to 

bringing it before the Chairman of the Committee on Weights 

and Measures in Congress.” 

The Academy then adjourned. 
J. F. Kemp, 

Secretary. 

STaTeD MEETING, 

February 7th, 1896. 

Pror. J. G. CurtIs in the Chair. 

A communication from the Council was received, asking that 

the section take action on Representative Hurley’s bill ‘‘ To fix 

the standard of weights and measures by the adoption of the 

metric system of weights and measures.” 
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On motion of Dr. Dean the section approved the bill and the 

Secretary was directed to express the entire commendation of 

it to the Council. 

Dr. Arnold Graf read a paper on “The Structure of the 

Nephridial in Clepsine.” He finds in the cells of the intra-cel- 

lular duct fine cytoplasmic anastamosing threads which form a 

contractile mechanism. These are stimulated by granules which 

are most numerous near the lumen of the cell, and thus a peri- 

stalsis is set up which moves the urine out of the duct. In the 

upper part of the intra-cellular duct, the two or three cells next 

to the vesicle or funnel have no distinct lumen, but are vacuo- 

lated; the vacuoles of the first cell being small, those of the 

second larger, and so on till the vacuoles become permanent as 

alumen. He explains the action of the first cell as being simi- 

lar to the ingestion of particles by the infusorians. The matter 

taken up thus from the funnel by the first cell is carried by the 

rest, and so on till the cells having 1 lumen are reached. The 

presence of the excretum causes the granules to stimulate the 

muscular fibres of the cells; peristalsis results and the substance 

is carried outward. The character of this contractile reticulum 

offers an explanation of the structure of a cilium as being the 

continuation of a contractile reticular thread. 

N. R. Harrington, in ‘‘ Observations on the lime gland of the 

Eaithworm,” described the minute structure of these glands in 

Lumbricus terrestris, and showed that the lime is taken up from 

the blood by wandering connective tissue cells which form club- 

shaped projections on the lamellz of the gland, and which pass 

off when filled with lime. The new cell comes up from the base 

of the older cell and repeats the process. This explanation is 

in harmony with the fact that in all other invertebrates lime is 

laid down by connective tissue cells. Histological structure 

and the developmental history confirm it. 

Dr. Bashford Dean offered some observations on “ Instinct 

in some of the lower Vertebrates.” The young of Amia calva, 

the dogfish of the Western States, attach themselves, when 

newly hatched to the water plants at the bottom of the nest 
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which the male Amia has built. They remain thus attached 

until the yolk sac is absorbed. As soon as they are fitted to 

get food they flock together in a dense cluster following the 

male. When hatched in an aquarium they go through the same 

processes. The young fry take food particles only when the 

particles are in motion, never when they are still. The larve of 

Necturus also take food particles that are in motion. 

C. L. Bristou. 

Secretary. 

STATED MEETING. 

February 17th, 1896. 

The Academy met with Vice-President STEvENsoNn in the 

chair. About fifty persons were present. 

The minutes of the last meeting were read and approved. 

The section of Geology and Minerology then organized. 

The Secretary presented the resolutions regarding the bill for 

the introduction of the Metric System of weights and measures 

as adopted by the section of Astronomy and Physics on Febru- 

ary 3rd. It was approved by the section of Geology and refer- 

red to the Council. 

The regular program was then taken up. 

The first paper was presented by Mr. L. MclI. Luquer, entitled 

‘““ Notes on recent Accessions of Interesting Minerals,” with 

exhibitions of specimens. Mr. Luquer described in detail the 

minerals that he had recently discovered at the feldspar quar- 

ries in the northeastern part of Westchester County. They in- 

cluded uraninite, autunite, uranophane, washing tonite and the 

common minerals of pegmatite veins. He showed that the veins 

occurred in close association with an area of augen-gneiss, re- 

garded as intrusive and now being studied by himself and Mr. 

Heinrich Ries. 

The second paper of the evening was by J. F. Kemp, entitled 

the “Cripple Creek Gold Mining District of Colorado.” The 
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paper was illustrated by about thirty lantern views, most of 

which were taken by the speaker during the last summer, and by 

an extensive series of specimens of rocks and ores. 

After abrief historical review, the region was described in 

detail, without, however, introducing anything essential that is 

not already contained in the Cripple Creek Atlas Folio of the 

United States Geological Survey, which was prepared by 

Messrs. Cross and Penrose. 

The Academy then adjourned. 
J. F. Kemp, 

Secretary. 

ANNUAL Business MEETING. 

February 24th, 1896, 

The Academy met with President Rees in the Chair. 

Fifteen persons were present. 

The Minutes of the last meeting were read and approved. 

The following names were presented for resident membership: 

Mr. E. L. Godkin, No. 36 W. 10th St, 

Dr. E. G. Love, No. 80 East 35th St, 

Mr. Reginald Gordon, Columbia College, 

and were referred to the Council. Israel C. Pierson, Ph. D., 

was nominated as Fellow. 

The Academy then listened to the annual reports of ‘the 

officers. 

The first one was that of the Secretary as follows: 

“The year past has been in many respects the most successful 

in the history of the Academy and we may feel encouraged that 

the Academy seems to be advancing more and more toward the 

place that it ought to occupy in the intellectual life of the city.” 

“During the year there have been held nine !Meetings of the 

Council; nine Business Meetings; twenty stated Meetings of 
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the Academy, of which one in the early fall failed of a quorum; 

six Public Lectures ; one Public Reception. 

The section of Astronomy and Physics has held eight meet- 

ings having generously surrendered one toa public lecture. The 

Sections of Biology and Geology have each held nine. The 

average attendance at the meetings of the first has been 

eighteen, a gain of four over last year. At the second the at- 

tendance has averaged forty, one meeting, February 10th, not 

having been reported, a gain of fifteen, which are especially due 

to two extra meetings in the nature of symposia. The Geologi- 
cal section has averaged twenty-five a gain of five. 

“A total of seventy-eight papers, not counting public lectures, 

has been presented, divided as follows : 

Anatomy. 05...) 3, MNGEQSCODY o.2 0 s:05.0. I. 

Astronomy ..... 10, Mineralogy). 05... 4, 

Bacteriology.... 1, Paleontology ...... 10, 

Botany +05. .0%.. 2, DY SIC jes eek oe lt 

Chemistry ...... f. PHYSIOLOGY 6: 2.5% i 

Geolooy .a9.0..4. 20, PSyichOlosy ssjsyere so 3 

Mechanics, ..... 3, ised. Ase cs pisces 2 L, 

Memorial..< 2... ile LOGlODN prmiciae hielo: 12, 

PROGBL, Feihtitteias «eee sas e shar 78. 

“Forty resident members have been elected, eight have re- 

signed, and, so far as known, three have died, making a net 

total on the Secretary’s list of 246, a gain of 30 over last year. 

Two corresponding members have been elected. 

“ A most important step has been the practical establishment 

of a new section in Philosophy and Philology, which will select 

an appropriate name and begin activities during the new year. 

Other departments, such as Psychology and Anthropology, are 

as yet not specially grouped in the sections. 

“The public reception has become a regular feature of the 

year and has attracted very gratifying comment. The one held 

last March required a catalogue of 54 pages, which was dis- 

tributed, bound up with Volume XIV. of the Transactions. 

TRANSACTIONS N. Y. ACAD. ScI., Vol. XV., Sig. 9, May 4, 1896. 
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“ Sixteen signatures and forty-nine plates of Volume XIV. of 
the Transactions have been issued during the year, and the vol- 

ume was distributed in September. It proved to be the largest 

volume of the Transactions yet issued. Parts 6-12 of Volume 

XIII. of the Annals have also been issued, bringing this volume 

to a close. Four signatures of Volume XV. of the Transac- 

tions have been printed and four or five more are now in press. 

Volume IX. of the Annals has has also been begun. An im- 

portant departure has been made in the beginning of a quarto 

series of Memoirs, of which Part I. of Volume I. is now neatly 

for distribution. 

The second one was the Treasurer’s report, and was referred to 

the Finance Committee for auditing. The report was as follows: 

REPORT OF THE TREASURER OF THE NEw YorK ACADEMY OF 

ScIENCES FOR THE YEAR Enpinc Marcu 24th, 1896. 

RECEIPTS. 

Balance on hand at last annual report. 

Current ACCOunt, siccc 250% 5 Bais alesse tot eters $843.93 

Savines Bank A ccounty i 0 ter. ste c': orl a hoor 639.64 $1,483.57 

Annual dues, Vso o teins wus tae a 10.00 

f A SOB itelin Janie tebe pamelnetahets 50.00 

« CL AGA PD Wega et wets eae 125.00 
«“ Cul COGN), tras BL ae ees 1,755.00 
oF 6 LS WG, Sarlnatioct haere latanote Beetoaseienans 70.00 2,010.00 

Initiation’ Hees, 02 ss 2a foe es oc 2 BE chee a re 110.00 

Patrons’ Pees. 20s. eee ket cae oe am 750.00 

Ioife Members’ Bees 67. !25 si2e 0 aac ecto 1,000.00 

Interest on Investments and Deposits,...... 215.89 

Contributions towards Expenses of Second 

Annual ,Recepiion,.:).)2 ss ey ear aed 120.00 

Contributions to Huxley Memorial Fund 

(held for payment to General Committee), 105.00 2,300.89 

$5, 794.46 
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DISBURSEMENTS. 

Expenses of Publishing Transactions,...... $1,081.14 
aS a Annales. Sees he 50.80 

% Recording Secretary,......... 80.24 

‘f reasmrer ch) 0S EE a crete 28.39 

oh MOREA 5 2.6 a. 5 a! oly SSB] tee Soles Oe 50.00 

s Lecture Committee, .......... 85.00 

Fs Special Membership Committee, 51.50 

e Second Annual Reception,.... 808.27 

PUIG OMI SEEVICES occ cela soc. efeicjss a e's ee ats 94.50 

ibsmrance, PrEMIUMS. 2 5c isan os ee see ws 20.00 

ues to scientific Alhance,... 1)... 6... as $138.00 $2,487.84 

Balance on hand, Current Account, $312.59 

Balance of General Fund in Sav- 

METRE RTD, o Seo daha e'cgere’ =, Sse aiase a $2,994.03 $3,306.62 

“During the year the Committee on the Audubon Monument 

have turned over to the Treasurer a balance of $1,797.25, re- 

maining in their hands after payment for the monument, and 

this has been deposited in the Savings Bank under the title 

“Audubon Publication Fund.” 

The present assets of the Academy are as follows: 

ASSETS. 

Balance of Current Account, mentioned above,...... $312.59 

Balance of General Fund in Savings Bank, mentioned 

JW ATSRY Ge PAG Co a ENOIASs AAEM ORE Sae ig dhe es i ee aire 2,994.03 

Annual dues in arrears, for 1894, $80.00 

: - e “1895, $170.00 250.00 

General Publication Fund, amount at last re- 

PROGR cine rie Batis Saat. acste as auch cern abay atts «'e $1,752.91 

Ititerest since, Credited. so. 6:2)6se oes alesse oboe 70.78 1,823.69 

MiduieansE wblication MUNG. 6. jecactecs seen saan lewis 1, (97,25 

$4,100 U.S. Four Per Cent. Bonds, due 1907 at 110, 4,510.00 

sieve eee eerste oad atc Aa eile or wre, Gaver ah avtelobaysrahor's She elisha) a a¥e a 2% . $11,687.56 
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“No unpaid bills remain in the hands of the Treasurer, and 

he has no official information of any outstanding liabilities, ex- 

cept the $105.00 collected and held for the Huxley Memorial 

Fund, included in the balance of Current Account mentioned 

above. Respectfully submitted, 

(Signed) GC. BF. sGox 

Treasurer. 

The Librarian’s report was next submitted, as follows : 

“ All publications received have been stamped with the Acad- 

emy stamp and turned over to the Librarian of Columbia Col- 

lege for shelving. Everything is properly distributed at date. 

“The following new exchanges have been added to the mail 

ing list: 

1. Université Royale d’Upsala, Sweden. 

Kon. Biologische Anstalt, Helgoland. 

Universitit Jurivensis, Dorpat, Russia. 

Astronomical and Physical Society of Toronto. 

Rochester Academy of Sciences. 

. Missouri Geological Survey. 

. Chicago Academy of Sciences. 

Oberlin College Library. 

. University of Indiana. 

10. Free Library of the Public Schools, Huntington, Ind. 

bo 

OO TAM w 

“ Forty-six requests for back numbers of the Academy’s 

publications have been received and attended to. Of these 

twenty-five were foreign and twenty-one domestic. The foreign 

packages were sent through the bureau of International Ex- 

changes, Smithsonian Institution. The domestic were sent 

either by mail or express, according to size. Express packages 

were sent C.O.D. Sixty-six letters were written in answer to 

inquiries regarding back numbers, new exchanges, subscrip- 

tions, ete. 

“Sixty-nine return acknowledgments were sent for packages 

of publications received. 
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“Nine dollars and seventy-five cents ($9.75) were received in 

subscriptions for back numbers from non-members. Requests 

for back numbers from members or from institutions on the ex- 

change list were honored without charge. 

““The Librarian’s expenses have been : 

| EGS ACE 2 SAC aR a EA De eS eC $8.98 

SECC erie cash cisine «d= aw inusie ofr Mee oe 3.80 

US aeTNM CIE ote soe S's 5 < ie esol er ees .10 

0 SL SS OF ae ee Pn Oe | 2A $12.88 

(Signed) ARTHUR HoLuick, 

Librarian.” 

These were followed by the report of the Corresponding Sec- 

retary, which was verbally made. 

Members of the Academy then asked about the progress of 
the new quarto series of Memoirs and about the recent issue of 

the Annals. 

It was moved and carried that as a token of appreciation on 

the part of the Academy that a vote of thanks be passed to Mr. 

Rutherfurd Stuyvesant for his generous contributions to the 

publication funds of the Academy, and to Captain T. L. Casey, U. 

8. A., for his contributions toward the issue of the Annals. 

Reports from the Secretaries of the several sections were then 

called for and were given by Prof. Wm. Hallock for the section of 
Astronomy and Physics; Prof. N. L. Britton for the section of 

Biology, and Prof. J. F. Kemp for the section of Geology and 

Mineralogy. 

The Academy then proceeded to the election of officers for 

the ensuing year. The following received the unanimous vote 

of the Academy. Messrs. Britton and Wade were appointed 

tellers. 

For President; J. J. Stevenson. 

For First Vice-President, H. F. Osborn. 

For Second Vice-President, R. 8S. Woodward. 
For Corresponding Secretary, D. 8. Martin. 
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For Recording Secretary, J. F. Kemp. 

For Treasurer, C. F. Cox. 

For Librarian, Arthur Hollick. 

For Councilors, J. A. Allen, N. L. Britton, R. E. Dodge, 

William Hallock, J. K. Rees, Wm. Stratford. 

For Curators, H. G. Dyar,G. F. Kunz, L. H. Laudy, Heinrich 

Ries, W. D. Schoonmaker. 

For Finance Committee, Henry Dudley, J. H. Hinton, Cor- 

nelius Van Brunt. 

Newly elected President Stevenson then took the Chair. 

It was moved and carried that the evening of Monday, March 

30th, be assigned to retiring President Rees for a Presidential 

address. 

The Academy then adjourned. 
J. F. Kemp, 

Secretary. 

REGULAR Business MEETING. 

March 2d, 1896. 

The Academy met with President STEVENSON in the Chair. 

Twenty-six persons were present. 

The minutes of the last meeting were read and approved. 

The Secretary presented the following names from the Coun- 

cil for resident membership, and on motion they were all elected: 

W. S. Dennett, M. D., E. L. Godkin, Reginald Gordon, T. A. 

Humasson and E. G. Love. And for Fellow, Israel C. Pierson. 

The following new nominations were referred to the Council 

in due course : 

Professor Daniel W. Hering, University Heights, New York 

City, Professor of Physics in the University of the City of New 
York; nominated by J. J. Stevensen. Henry Piffard, M. D., No. 

10 West 35th street ; nominated by C. F.Cox. Th. Weston, No. 

14 West 48th street ; nominated by Harold Jacoby. 

The Section of Astronomy and Physics then organized. 

The minutes of the last meeting were ready and approved. 
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The first business of the evening was the election of officers 

for the ensuing year. Professor Rees nominated R. 8. Wood- 

ward for Chairman and W. Hallock for Secretary. On motion 

the nominations were then closed, and the motion was put by 

Professor Rees to authorize Mr. Wade, as teller, to cast the 

ballot in favor of the gentlemen for the office named. The mo- 

tion was carried and the teller reported the vote cast.. 

The first paper of the evening was upon the apparatus designed 

by Professor W. L. Robb for showing the way in which a cord 

vibrates. It consisted essentially of an electro-magnet running 

a vibrating arm to the end of which the string is attached. 

The second paper was upon a new form of Polariscope, de- 

signed by Professor A. M. Mayer, consisting of a special ar- 

rangement of cross lenses resulting in unusually good illumina- 

tions and large field. 

The next paper was upon the Heliostat designed by Professor 

Mayer. In this connection Professor Mayer called attention to 

the shortcomings of the various forms of heliostat, and especi- 

ally those using only one mirror, pointing out, among other 

things, the useless width of mirrors on such heliostats and 

illustrating what ought to be the dimensions of such a mirror. 

He also called attention to the great advantage of using sun- 

light for all optical experiments over any form of electric light ; 

for example, with a heliostat and condensing system he was 

able to project the interference bands of the Fresnel bi-prism 

upon a screen so that they are visible across a large room. 

Prof. Mayer’s heliostat consists in a clockwork driving a shaft 

parallel to the earth’s axis; upon the southern end of the shaft 

is attached the mirror that can either be adjusted to the shaft or 

set at any angle to the shaft. The second mirror is mounted 

upon the base with its central point in the prolongation of the 

shaft. To orient the heliostat it is only necessary to bring 

the side pieces in the north and south line and then set the 

mirror on the clock axis. This last is done by covering the 

elliptical mirror with a piece of paper having }$-inch hole in the 

center and adjusting the tilting mirror until the small beam of 
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‘light reflected from the mirror through the hole falls upon the 

center of the mirror attached to the base of the instrument; 

then starting the clock the instrument will keep the beam ina 

constant position. Prof. Hallock in discussing the paper called 

attention to the accuracy with which the heliostat operated and 

related his experience with a very large one-mirror heliostat in 

the Smithsonian Institution at Washington, which, however, was 

thoroughly unsatisfactory. Prof. Woodward and Prof. Jacoby 

also entered into the discussion of the relative merits of the 

various heliostats, especially the typical one-mirror and two- 

mirror types. 

Prof. M. I. Pupin then brought before the Academy some re- 

cent observations he had made while experimenting with 

X-rays. In the first place he pointed out that many Crook’s 

tubes after a certain amount of use had their vacuum improved, 

so that the induction spark passed outside the tube rather than 

through it. Prof. Pupin was at a loss to altogether sat- 

isfactorily explain the cause, but believed that it might possibly 

be due to the condensation of some of the gas remaining in the 

tube, and explained several experiments which he had made 

already confirming the observation that the vacuum was im- 

proved with use, and that in proportion as the vacuum im- 

proved the tubes were better for X-ray photography. Another 

of the phenomena observed by him was that in developing the 

photographic plates the development began at the glass side of 

the film and not at the outside of the film, leading to the inference 

that the rays penetrated the film and rendered the glass fluores- 

cent, this fluorescent light then acting upon the film. Following 

' the suggestion of this observation he painted the inside of a box 

with platinum-barium-cyanide and laid a photographic plate 

against it, making a photograph then through the sides of the 

box. The X-rays develop the fluorescence in the cyanide and 

then penetrate the plate. He obtained very good results with 

much shorter exposures than by the original method. 

On motion the meeting then adjourned. 
J. F. Kemp, 

Secretary. 
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STaTeD MEETING. 

March 9th, 1896. 

In the absence of regular business, the Section of Biology at 

once organized, Pror. Curtis in the chair, Dr. Dyar, Secretary 

pro tem. Inthe absence of the Secretary, the reading of the 

minutes was omitted. 

Mr. F. B. Sumner read the following paper: 

THE VARIETAL TREE OF A PHILIPPINE PUL- 

MONATE. 

By Francis B. SuMNER. 

An expedition recently sent to the Philippine Islands, under 
the direction of the Minnesota Academy of Sciences, procured 
among other things of great value some most interesting sets 
of land shells. These, in addition to their value to the syste- 
matic conchologist, present some striking examples of the phe- 
nomena of variation. 

The accompanying figure (see Plate VI., at end of volume) 
represents a varietal tree, constructed by the writer from shells of 
the pulmonate Cochlostyla ovoidea, obtained on Masbate Island. 
The genus Cochlostyla is a very large one, comprising, as stated 
by Cooke (Cambridge Natural History, Vol. I., “‘“Mollusca’’) no 
less than 247 species. Many of the species are of extreme vari- 
ability, serving as an excellent illustration of the law laid down 
by Darwin that the larger genera present as a rule the most 
variable species. 

This species varies in shape, size and color. In length, adult 
specimens were found varying from 1.05 inches to 1.80 inches. 
Differences in shape I determined by comparing the ratio of 
length to breadth. In the stoutest specimens, length = 1.76 x 
breadth. In the slenderest, length = 2.29 x breadth. 

But by far the most striking differences are those of color and 
ornamentation. These are fairly well, although by no means 
perfectly represented by the figure.* 

On comparing any one of the color varieties of this species 
with any other, I found it possible to bridge over the gap by 

*T wish to here express my indebtedness to Prof. Henry F. Nachtrieb, for the loan 
of uae set, and to Dr. Edward Leaming, for his care in securing a satisfactory photo- 
graph. 
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insensible gradations, and, placing the most extreme forms at 
the termini of the branches, such a tree as I have represented 
was the result. But, having once constructed such a tree, no 
other arrangement is possibie. We cannot, for example, pass 
from 6 to 6’’ except in the manner indicated, 7. e., by passing 
down one stem and up the other. Indeed, we can give to almost 
every shell which was obtained a place corresponding to one of 
the numbers of the figure. A very few slightly aberrant forms 
were found, to be sure, but I thought it best not to complicate 
the tree by introducing them. Three such are represented in 
the right-hand lower corner of the figure. 

It will, doubtless, be asked why I have assumed 0 to be the 
typical form and placed it at the apex. This I did for two 
reasons: Firstly, this variety preponderates greatly in number. 
Out of 538 specimens which were obtained, 318 belonged to the 
three central numbers of the series (0, 1 and 1’) while the re- 
maining 220 (with a very few exceptions) belonged to the other 
fourteen numbers. Secondly, the genus seems typically to pos- 
sess three bands. Of the 22 species, or thereabouts, obtained 
by the expedition, thirteen exhibit bands either constantly or 
occasionally, and of these, nine either constantly or occasionally 
exhibit three bands. Moreover, we have reason to believe that 
the others have been modified through the fusion or loss of 
some or all of them. 

Examining our tree, we find that the central member (0) pre- 
sents upon each whorl three bands of approximately equal width 
and equal depth of color, all being of a dark black-walnut shade. 
Passing up the right hand branch of the series, we find that the 
upper band begins to narrow and to pale until it is completely 
lost. This happens also with the lowest band, only this one 
disappears a little later than the upper one. The central band 
persists to the last undiminished. On the left-hand branch, 
we observe a quite different transformation. The upper and 
lower bands begin to lose their sharp outlines, becoming blurred 
along their edges. This process of spreading continues until 
the color has diffused itself toward the central band, filling in 
the white interspaces. The effect is the same as if the pigment 
had: been fresh paint and had been first laid on in streaks and 
then spread out witha brush. From about the position of 3/ 
two branches now lead off, presenting opposite tendencies. Both 
agree in continuing this diffusion of color and obliteration of 
the bands, but whereas on the left hand side, the color deepens 
and the entire mass is now nearly as dark as were the original 
markings ; on.the right hand the color pales and the result is a 
mustard tint. Inthe dark form,again, the central band persists 
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although no longer distinct in outline; in the light form there 
is the merest trace of this. 

These varieties are named by Sr. Quadras, a conchologist at 
Manila, as follows: 0, he agrees with me in regarding as the 
type. ‘“ Those with broad bands ” (presumably the lower mem- 
bers of the left-hand stem), var. euryzona. ‘Those entirely 
white ” (he perhaps refers to the right-hand stem, although none 
are entirely white), var. nana. ‘“ Those with yellow epidermis, 
with or without small bands” (probably 5’ and 6’) var. opaca. 

It is of especial interest to observe the order in which these 
bands disappear. Calling the bands in order from top to bot- 
tom, A, B and C, we have seen that A is the first to disappear, 
while C soon follows, and that B persists to the last unaltered. 
I did not find a single specimen which contradicted this rule. 
If two bands were present, they were invariably B and C, if 
only one, B. Now, it is interesting in this connection to com- 
pare Cochlostyla ovoidea with other members of the same genus. 
I have only examined about twenty-two species. The following 
are the results : 

In several species there was a single band occurring con- 
stantly or occasionally. This was invariably B. 

In one species there was either an entire absence of bands or 
B alone or B and C. 

Ina number of other species, the number of bands varied from 
one to three. In these cases the rule was adhered to with occa- 
sional exceptions. Finally, there were a few with all three in- 

variably and a number (about nine) entirely destitute of mark- 
ings. 
in the related genus Helix, which possesses typically five 

bands, the central one is the last to disappear. 
Another phenomenon of interest, illustrated by this set is 

that of correlative variation. In this species there seems to be 
some sort of a correlation between size and color. I measured 
the length of every shell obtained (538 in all), and found as a 
result that the average length of all those belonging to the cen- 
tral place (0) and to the whole left hand branch was 1.3 inches. 
The average length of the specimens belonging to the three ter- 
minal places of the right hand stem was J.47. Those interme- 
diate between 0 and the latter were intermediate in length. The 
greater size of the white shells 3, 4, 5 and 6, is quite noticeable 
in the figure. 

Such are the observable facts in regard to these shells. Their 
chief interest evidently lies in their relation to the general prob- 
lems of variation. With the few data which we possess, de- 
finite conclusions are premature, but it may not be unprofitable 
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to seek some sort of explanation of the facts we are dealing 
with. 

If we found these successive modifications of the type form 
in successive geological strata, we should of course conclude 
that these varieties were on the way to becoming species, in- 
other words that we had to do with a case of evolution. But 
here we are dealing with contemporaneous forms inhabitating 
apparently the same habitat. Mr. D. C. Worcester, who col- 
lected these shells, informs me that he was unable to discover 
any evidence of local distribution. He states further that, with 
regard to another Cochlostyla nearly as variable as this, he can 
state positively that the various extremes are often found feed- 
ing upon the sameclump of bamboo. Quadras writes that those 
found in the valleys are generally smaller than those found near 
the seashore, but mentions no local distribution in reference to 
color. Moreover we have no evidence to show that these vari- 
ous extremes do not freely interbreed or that the most unlike of 
them may not hatch from the eggs of the same parents. In- 
deed, if there is no local distribution, it is inconceivable that the 
different varieties should breed true. 

Consider also that no theory of evolution yet offered is com- 
petent to explain how these varieties can become fixed species. 
Any theory which appeals to the direct action of environment 
has no application, for here the environment is the same for all. 
Against the operation of Natural Selection we can offer objec- 
tions equally valid. We should be forced under this hypothesis 
to assign some utility to these markings, the most plausible 
view being that they are of protective value. But Mr. Worcester 
writes, in reply to a question of mine on this point: “After 
thinking the matter over a good deal, I incline to the opinion 
that we have to do here with variations neither especially useful 
nor especially harmful.” And, indeed, it is in the highest de- 
gree improbable that animals with like habits could be protected 
equally well by such a number of colors. Again, if Natural 
Selection were here in operation, we should expect to find the 
terminal forms of the tree, z. e., the most improved, to prepon- 
derate greatly in number, for Natural Selection can only operate 
by the extinction of the unimproved. But a count of the speci- 
mens finds the reverse to be the case: 

es Kae ep a a alae heal Cd 5A ee a aa Me fs 318 
BIOS Lys cueote sags cL en ee eae, ee 41 
VATA SAL Ea ants Waren MeV tte Marin 2 SOR s re 18 
aR Blacon veka ayatasand herons vigWus de tok Medica a aioe Pe ahek an 66 
Gil sea Narn cs Osa ashw od ch et sale toe mae Reh ok an 16 
MO TREE cos ccna cg eatagh sdeaeh eae oheaeae: 67 
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So I think we can find no reason for believing that we have 
to do with a case of progressive modification, however much 
our varietal tree may suggest a genetic tree. It seems more 
probable to suppose that even the most extreme of these forms 
may hatch from the same batch of eggs. And here we have a 
beautiful example of the definite tendency of variation. Vari- 
ation must take place along certain lines predetermined by the 
nature of the organism. 

It is to be regretted that we have so few biological data in 
regard to this and allied species. Future explorations will per- 
haps yield these. 

ZOOLOGICAL LABORATORY, 
COLUMBIA UNIVERSITY, March, 1896. 

Prof. Osborn, in discussion, coincided with the view that the 

variation could not be explained by natural selection. Dr. Dyar, 

however, thought the explanation by natural selection not neces- 

sarily excluded, since the variations seemed analogous to the 

dimorphism in sphinx larve, which has been shown by Poulton 

to be probably due to this factor. 

The other paper was by Dr. Arnold Graf, on “ The Problem 

of the Transmission of Acquired Characters.” 

Dr. Graf discussed the views of the modern schools of evolu- 

tionists and adopted the view that the transmission of acquired 

characters must be admitted to occur. He cited several ex- 

amples which seemed to support this view, and especially dis- 

cussed the sucker in leeches as an adaptation to parasitism and 

the evolution of the chambered shell in a series of fossil Cepha- 

lopods. 

Professor Osborn remarked in criticism of Dr. Graf’s paper 

that this statement does not appear to recognize the distinction 

between ontogenic and phylogenic variation, or that the adult 

form of any organism is an exponent of the stirp, or consti- 

tution + the environment. If the environment is normal the 

adult will be normal, but if the environment (which includes 

all the atmospheric, chemical, nutritive, motor and psychical 

circumstances under which the animal is reared) were to change, 

the adult would change correspondingly ; and these changes 

would be so profound that in many cases it would appear as if 
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the constitution, or stirp, had also changed. Illustrations might 

be given of changes of the most profound character induced by 

changes in either of the above factors of environment, and in 

the case of the motor factor or animal motion the habits of the 

animal would, in the course of a life time, profoundly modify its 

structure. For example, if the human infant were brought up 

in the branches of a tree as an arboreal type instead of as a ter- 

restrial, bi-pedal type, there is little doubt that some of the well 

known early adaptations to arboreal habit (such as the turning 

in of the soles of the feet, and the grasping of the hands) might — 

be retained and cultivated; thus a profoundly different type of 

man would be produced. Similar changes in the action of en- 

vironment are constantly in progress in nature, since there is no 

doubt that the changes of environment and the habits which it 

so brings about far outstrip all changes in constitution. This 

fact, which has not been sufficiently emphasized before, offers an 

explanation of the evidence advanced by Cope and other writers 

that change in the forms of the skeletons of the vertebrates first 

appears in ontogeny and subsequentlyin phylogeny. During the 

enormously long period of time in which habits induce onto- 

genic variations it is possible for natural selection to work very 

slowly and gradually upon predispositions to useful correlated 

variations, and thus what are primarily ontogenic variations be- 

come slowly apparent as phylogenic variations or congenital 

characters of the race. Man, for instance, has been upon the 

earth perhaps seventy thousand years; natural selection has 

been slowly operating upon certain of these predispositions, but 

has not yet eliminated those traces of the human arboreal habits, 

nor completely adapted the human frame to the upright posi- 

tion. This is as much an expression of habit and ontogenic 

variation as it is a constitutional character. Very similar views 

were expressed to the speaker in a conversation recently held 

with Professor Lloyd Morgan, and it appears as if a similar con- 

clusion had been arrived at independently. Professor Morgan 

believed that this explanation could be applied to all cases of 

adaptive modification, but it is evident that this cannot be so, 

because the teeth also undergo the same progressively adaptive 
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evolution along determinate lines as the skeleton, and yet it is 

well known that they do not improve by use, but rather deterio- 

rate. Thus the explanation is not one which satisfies all cases, 

but it does seem to meet, and to a certain extent undermine, the 

special cases of evidence of the inheritance of acquired charac- 

ters, collected by Professor Cope in his well-known papers upon 

this subject. Harrison G. Dyar, Secretary pro. tem., 

(per C. .L..B:) 

STATED MEETING. 

March 14th, 1896. 

The Academy met with President STEVENson in the chair; 

twelve persons present. 

The minutes of the previous meeting were read and approved. 

The following nominations for resident membership were re- 

ceived and referred to the Council: Mr. Louis C. Whiton. 114 

West 76th St.; Mr. Wm. F. Havemeyer, 29 West 19th St.; Prof. 
J. Dyneley Prince, 19 West 34th St.; Prof. Charles B. Bliss, 

University Heights, New York; Prof. Lawrence A. McLouth, 

University Heights, New York; Dr. Emil Leytter, 305 West 

127th St.; Prof. F. H. Giddings, Columbia University. 

The Section of Geology and Mineralogy then organized. 

The first paper of the evening was by Mr. Heinrich Ries, on 

“A Visit to the Bauxite Mines of Georgia and Alabama.” Mr. 

Ries described the geological relations of the bauxite deposits 

of the region, basing his remarks on notes taken last October. 

The paper was illustrated by numerous lantern views and speci- 

mens and was discussed by Messrs. Dodge and Kemp. 

The second paper of the evening was by Prof. R. E. Dodge, 

on the “ Cretaceous and Tertiary Peneplains of Eastern Ten- 

nessee,” on the basis of observations accumulated during two 

summers’ field work in the region under Mr. C. W. Hayes, of 

the U. S. Geological Survey. The speaker described the geo- 
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graphic development since the Cretaceous period of the country 

lying west from Chattanooga across the Sequatchie valley to the 

Mississippi river. The Cretaceous and Tertiary peneplains were 

illustrated by means of maps and sections, and the present de- 

velopment of the drainage system was traced out. President 

Stevenson, in discussing the subject, described his own observa- 

tions in West Virginia and western Pennsylvania. 

The Section then proceeded to the election of officers for the 

ensuing year: Professor J. J. Stevenson was chosen Chairman 

and Professor J. F. Kemp, Secretary. 

The Academy then adjourned. 

J. F. Kemp, Secretary. 

ON THE OCCURRENCE OF CIRRIPEDES IN THE 

CAMBRIAN ROCKS OF NORTH AMERICA. 

By G. F. MatrHew. 

In a revision of material collected from the Cambrian rocks 
of Canada and Newfoundland, the author has investigated some 
peculiar calcareous plates which occur at several horizons; as a 
result he has come to the conclusion that these are the scattered 
tegumentary plates of animals related to the barnacles. 

These plates are of various forms, but the majority agree in 
having a carina, usually nearer one side than the other. From 
the fact that the plates are depressed on one side of the carina 
and elevated on the other, it may be inferred that they are parts 
of imbricated series. Occasionally plates are found which are 
convex on both sides of the carina; such plates are more sym- 
metrical than the others. 

The above plates differ from Plumulites of Barrande in being 
comparatively smooth, the only sculpturing of the surface being 
delicate growth lines near the lower margin. 

Beside the above plates there are other plates marked by 
sharply raised, closely set ridges, parallel to the lower margin. 
Some of these agree perfectly with Barrande’s Plumulites, others 
are more arcuate, others still have more distant growth ridges, 
etc. 

Such is the variety of form in the smooth plates that it is 
highly probable that more than one species (perhaps more than 
one genus) is represented. But as the plates found were de- 
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tached from each other, and scattered over layers of the shale, 
it is quite impossible to determine this point. For the smooth 
plates I wouid suggest the name Cirripodites. One of these 
plates and a Plumulites are figured below. 

1. Plumulites Manuelensis, Mag =. From the subzone of Paradoxides Davidis, 
Manuel Brook, Newfoundland. 

2. Cirripodites Acadicus, triangular form, Mag. 2. From the subzone of P. 
‘Eteminicus, St. John, N. Bs Canada. 

All the plates so far found belong to the Paradoxide Zone. 
In America this zone contains four subzones, viz. : 

1. Subzone of P. lamellatus (cf. Gilandicus). 
2. ” ‘“ P. Eteminicus (cf. rugulosus). 
3. 5 ‘“‘ Pp. Abenacus (cf. Tessini). 
4, _ “ P. Davidis (the highest subzone). 
In Sweden there are two higher subzones in the Paradoxides 

beds. 
Plates of Cirripedes have been found in the second and fourth 

subzones ; and certain fossils which probably are of this type of 
crustacean, from the third subzone. The fossils from the several 
subzones differ so faras to show that they are probably of differ- 
ent genera. 
A fuller account of these interesting fossils will be given in an 

article which the author has in preparation, on the Fauna of the 
Paradoxides Zone in America. 

In reference to the use of the generic names given above, a 
few words may be said. Apparently there has been a diversity 
of practice in the use of terms to designate these fossils. 

Dr. Henry Woodward* argues for the use of Turrilepas as 
against Plumulites, on the ground of priority of publication. 
Barrande first found Plumulites in the Ordovician rocks (Etage 
D.) of Bohemia, whereas Dr. Woodward’s Turrilepas came from 
the Silurian, and it seems altogether probable that they are dif- 
ferent genera. 

Dr. H. M. Ami has found plates in the Utica beds near Ot- 
tawa, which very closely resemble some of Barrande’s figures ; 

* Geolog. Mag. London, New Ser. Dec. iii., vol. vi., p. 272. 

TRANSACTIONS N. Y. ACAD. Scr., Vol. XIV., Sig. 10, June 2, 1896. 
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and in the collections of Columbia College, New York, there are 
plates from the same horizon at Plattsburg, N. Y., having the 
form and markings of Plumulites. In view of the very diverse 
types of Cirripedes figured by Dr. J. M. Clarke,* in which the 
individual plates show no greater diversity of form than those 
called Plumulites by Barrande, it seems to me quite within the 
range of convenient use to utilize this term of Barrande for 
detached, corrugated plates of Cirripedes of the Ordovician and 
earlier time. Perhaps a fortunate happening of discovery shall 
before long enable us to relegate certain of them to a more defi- 
nite genus. : 

St. Joun, N. B., Canapa, March, 1896. 

REGULAR PusLic LECTURE. 

March 23d, 1896. 

The Academy met in the Law School of Columbia University 

to listen to the regular public lecture for the month. Professor 

STEVENSON presided, and about 350 people were present. 

Before the lecture began the following two names were pre- 

sented for resident membership and referred to the Council in 

the regular course: Mr. A. S. Frissell, Mr. Thaddeus R. White. 

President STEVENSON then introduced Professor M. I. Pupin, 

who delivered the lecture on “‘ Roentgen’s Discovery” and illus- 

trated his remarks by experiments and the lantern. At the close 

of the lecture a vote of thanks was given the lecturer. 

‘The Academy then adjourned. 

J. F. Kemp, Secretary. 

STATED MEETING. 

March 30th, 1896. 

The Academy met and listened to an address by the retiring 

President, Professor J. K. Rees, upon the subject “ Some Prob- 

lems About to Confront Astronomers of the Twentieth Cen- 

* Am. Geologist, vol. xvii., No. 3, p. 143. 
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tury.” The address appeared in full in Screncre of May 15,1896. 

About twenty-five persons were present. At the conclusion of 

the lecture the Academy adjourned, after passing a vote of 

thanks to the lecturer. 

REGULAR BUSINESS MEETING. 

April 6th, 1896. 

The Academy met with President SrEVENsoNn in the chair. 

There were about forty persons present. 

The Secretary presented the following nominations from the 

Council, all of whom were elected : 

Henry M. Alexander, Frederick C. Beach, Charles B. Bliss, 

James M. Donald, James Douglass, Scott Foster, A. 8. Frissell, 

F. H. Giddings, Frank J. Gould, Miss Helen Gould, Thomas E. 

Greacen, Wm. F. Havemeyer, Marcellus Hartley, Daniel W. 

Hering, Edmund J. Levine, Emil Leytter, Lawrence A. 

McLouth, Alfred Pell, Henry G. Piffard, J. Dyneley Prince, 

Wm. T. Sabine, Louis Mann Silver, Francis H. Stoddard, James 

Stokes, Th. Weston, Thaddeus R. White, Louis C. Whiton. 

The Section of Astronomy and Physics then organized and 

listened to the following program : 

P. H. Dudley, “The Law of Deflection Sets under Drop 

Tests in different Sections of Steel Rails of uniform physical 

Properties follows the comparative Moments of Inertia of the 

respective Sections.” 

Harold Jacoby, ‘“On the Permanence of the Rutherfurd 

Photographs.” 

Remarks by J. K. Rees, on: (1) ‘The Harvard College Ob- 

servatory photographs of star clusters, planets, variable stars 

and stellar spectra.” (2) ‘‘ Prof. J. E. Keeler’s photographs of 

planetary spectra.” Illustrated by photographs and lantern 

slides. 

M. I. Pupin, “ Communication of some new Results of Experi- 
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ments with the Roéntgen Rays.” Experimental demonstration 

followed in the Electrical Laboratory of Columbia University. 

J. F. Kemp, 

Secretary. 

STATED MEETING. 

April 138th, 1896. 

The Academy met with President STEVENSON in the chair. 

Twenty-five persons present. 

The minutes of the last meeting were read and approved. 

The Section of Biology then organized and listened to the 

following program : 

Tarleton H. Bean, “The Habits of the Young of the Pacific 

Salmon.” 

Oliver 8. Strong, ‘‘ A Case of Degeneration of the Optic Nerve 

in the Brain of the Skate, Raja erinacea.” 

H. F. Osborn, “* A Mode of Evolution requiring neither 

Natural Selection nor the Inheritance of Acquired Characters. 

An abstract appears on a subsequent page. 

J. F. Kemp, 

Secretary. 

RECENT NOTES ON BACTERIA. 

By Harrison G. Dyar, Pu. D., AssiIsTANT IN BACTERIOLOGY. 

DEPARTMENT OF PATHOLOGY, CoLumMBIA UNIversity, N. Y. 

“T would reeommend * * *_ that all who describe new 
species should be urged to afford a second description twelve 
months later * * * stating accurately how far the forms have 
become modified by continued growth on ordinary standard 
media,” 

This suggestion of Dr. J. G. Adami (Jour. American Public 
Health Association, X X., 418, Oct., 1895), has appeared to me a 
valuable one and I have accordingly put it into practice by re- 
planting the ‘new species” of Bacteria described by me (Ann. 
N. Y. Academy of Science, VIII., 322-380). The following is 
the result of this planting during February and March, 1896. 
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The period which has elapsed since the first planting, which 
is the one recorded in my former paper, varies from one to two 
years. 

1. MERISMOPEDIA FLAVA VARIANS. 

The morphology represents now a well packeted Sarcina in- 
stead of a Merismopedia and the gelatin is slowly liquefied, in 
one culture in 33 days, and in another made at the same time 
only in 50 days. The characters on the other media have not 
changed, except that nitrate is rather less quickly reduced, the 
full reduction not being obtained till 28 days. 

6. Micrococcus SIMILIS. 

The cultures are dead. 

3. MicrococcUs CEREUS AUREUS. 

The characters have not changed. 

12. MicrRococcUS CREMOIDES AUREUS. 

The cultures faded to the color of I. cremoides, but retained 
their growth characters. Fresh cultures with the normal orange 
color were readily obtained from the air. 

14. Micrococcts CREMOIDES ALBUS. 

The cultures were lost, but those of JZ. cremoides had faded 
to pure white, retaining their other characters. 

21. MERISMOPEDIA FRAGILIS. 

The cultures are dead. 

93. MERISMOPEDIA MOLLIS. 

Characters scarcely changed. The growth is less abundant 
than a year ago, the orange color most distinct in the condensa- 
tion water in the bottom of the tube. Lactose litmus agar is 
made blue. 

25. Micrococcus DISSIMILIS. 

Characters unchanged except that the cells were seen to be 
associated in pairs and fours as well as singly, thus representing 
a Merismopedia. 

33. MERISMOPEDIA MESENTERICUS CORRUGATUS. 

The growth characters are exactly the same, and in addition 
a slight pink tint was seen in the liquefied gelatin. Milk is af- 
fected exactly as by B. lactis erythrogenes, being apparently co- 
agulated, but on boiling the coagulum disappears. <A careful 
examination of the cells shows them to be slightly elongated, 
yet associated in pairs and fours. A second culture, also 
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marked “ Staphylococcus pyogenes citreus,’ was found in the col- 
lection. It was the same in all respects, but the growth was soft 
and not wrinkly. Cells in pairs and fours, but often slightly 
elongated. 
My reason for rejecting the determination of these cultures 

and applying a new name was that Staphylococcus pyogenes ci- 
treus is described as the same on all media as Staph. pyog. au- 
reus, which is not the case here. However, if ‘‘all media” refers 
only to gelatin, agar and potato, my construction of the descrip- 
tion may have been too rigid and the cultures may be correctly 
named. I do not otherwise know S. pyogenes citreus. 

36. BACILLUS SARRACENICOLUS. 

31. BACILLUS VACUOLATUS. 

The cultures are dead. 

39. BACILLUS SUBOCHRACEUS. 

The characters are unchanged except that milk is more quickly 
coagulated (9 days), but only on boiling even in 26 days. Ni- 
trate is very decidedly more strongly reduced yet not completely. 
The species is a facultative anaerob. 

40. BACILLUS DOMESTICUS. 

This species now liquefies gelatin. The liquefaction begins 
after about 34 days and proceeds slowly. In 50 days about 
one-fourth of the medium in the tube was liquefied. 

There is also a pink tint in the liquefied part. Nitrate is 
less strongly reduced, not completely in 30 days. Milk is not 
coagulated at first, but in 31 days a coagulum was obtained on 
boiling. Lactose-litmus agar is reddened as before and the yel- 
low color is retained, otherwise the species is scarcely recogniz- 
able. The cells are shorter than before, sometimes scarcely dis- 
tinguishable from Micrococci, The species is aerobic. 

44, BACILLUS JAVANIENSIS. 

The nitrate was not reduced at all, otherwise the characters 

remain the same. 

54. BACILLUS FUSCUS PALLIDIOR. 

55. BACILLUS FERRUGINEUS. 

56. BAcILLUS SALMONEUS. 

57. BACILLUS FINITIMUS RUBER. 
The characters are unchanged. 
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59. BACILLUS BRUNNEOFLAVUS. 

The nitrate is decidedly more strongly reduced, yet not com- 
pletely so. Otherwise as before. 

60. BACILLUS PROPINQUUS.* 

The characters are the same in general; but in the Fall all the 
gelatin tubes were found to be liquefied. On replanting no li- 
quefaction was obtained in 74 days when a spell of hot weather 
(26° C. in the laboratory) occurred. After it had passed, old 
gelatin tubes remained fluid, while young ones (21 days) hard- 
ened again. The cells are now very short, almost like cocci. 

62. BACILLUS DECOLORANS MAJOR. 

Rosalic acid decolorized in 13 days, but nitrate not reduced. 
Otherwise as before. 

65. BACILLUS TYPHI ABDOMINALIS. 

The culture marked (2) was lost. The one marked (3) re- 
mained constant in all its characters. The culture is not the 
true B. typhi abdominalis, as it is distinctly aerobic and grows 
dark brown on potato. (Compare the pseudo-typhoid germs 
found by Dr. Th. Smith, Am. Journ. Med. Sciences, Sept., 1895, 
culture no. 28.) 

68. BaAcILLUS INUTILIS. 

Growth characters unchanged, but the cells are decidedly 
shorter, not distinguishable from cocci. 

70. BAcILLUS ALPHA. 

Tl. BACILLUS BETA. 

The cultures are dead. 

76. BACILLUS GAMMA. 

Nearly dead. <A very poor slight growth persists, but is in- 
capable of liquefying gelatin or repeating its other former 
characters. 

78. BAcILLUS DELTA. 

The cultures are dead. 

81. Bactttus Hupsonit. 

82. BacILLUS OXYLATICUS. 

The characters are unchanged. 

83. BACILLUS EPSILON. 

_*T have inadvertently applied the name flavocoriaceus to two species (43 and 60), 
differing only in the power of reducing nitrate, No. 60 may be designated as above. 
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84. BACILLUS ZETA. 

The cultures are dead. 

102. BAcILLUS M. FUSCUS CONSISTENS. 

Nitrate was not reduced and the growth was not distinctly 
wrinkly. Otherwise the same. 

110. BAcILLUS FUSCUS LIQUEFACIENS. 

Unchanged, except that the nitrate was not reduced. 

112. BAcILLUS KAPPA. 

Rosalie acid decolorized as before. Milk peculiarly affected. 
It is not coagulated at first, but in 23 days the whole mass re-- 

sembles a starch paste, on boiling becoming jelly-like with thick 
flocculi. Otherwise the same. 

114. Bacittus PLYMOUTHENSIS. 

Exactly as in B..rosaceus metalloides. The growth is no 
longer viscous. Lactose litmus agar is not reddened by this 
species, which would seem to show that the reddening of the 
lactose-litmus gelatin was due to some product of the liquefied 
gelatin. 

116. Bacitius Kram. 

Apparently overgrown by a contamination. 

117. BACILLUS LARVACIDA. 

Unchanged. 

120. BACILLUS PYOGENES FETIDUS LIQUEFACIENS (Lanz).* 

Nitrate completely reduced in 28 days. Rosalie acid is 
deepened in color. Otherwise as before. 

121. Bactttus PRUDDENI. 
Unchanged. 

123. Bacttitus BooKkert. 

The lactose litmus agar, while reddened at first, ultimately be- 
came blue. The nitrate was strongly reduced as before, and the 
other characters were the same. 

126. BACILLUS SORDIDUS. 
Unchanged. 
I draw the following conclusions from the results of these re- 

plantings. 
(1) Species under long cultivation, such as I have received 

from collections, tend to be constant in their characters. 

* Centralblatt f. Bacteriol., XIV., 277. 
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(2) Some species lose in vigor on repeated cultivation and 
become incapable of exhibiting certain of their characters, or 
finally die. 

(3) Some species gain in vigor on repeated cultivation, ex- 
hibiting certain characters more strongly or even acquiring new 
ones. 

The changes observed for the several species are arranged 
below in tabular form. 

Cultures which died.| Cultures becom-'Cultures constant.) Cultures becoming more 
ing less vigorous, vigorous, with more posi- 
their characters be- tive or new characters. 
coming less posi- 1. Gelatin is now lique- 
tive. fied. 

| | 25. The cells are more 
6 70 84 12. The color be-| 8 56 102 121 | firmly united. 

comes paler. | 39. Milk more quickly 
ZA ht 13. The color be-| 33 57 110 126 coagulated. 

comes white. | 40. The gelatin is now li- 
36 78 25. The growth is| 54 65 114 quefied, ete. 

less abundant. | 59. Nitrate more strongly 
3783 44, Nitrate no lon-| 55 81 i17 reduced. 

ger reduced. j | 62. Rosalic acid more 
68. The cells are quickly decolored. 
| shorter. |112. Milk more distinctly 
'70. Gelatin no lon- coagulated. 

ger liquefied. |120. Nitrate is now re- 
| duced. 
123. Lactose litmus agar 

finally made blue, in- 
stead of being simply 
reddened. 

STATED MEETING. 

April 20th, 1896. 

The Academy met with President Srevenson in the chair. 

Eighteen persons were present. 

The minutes of the last meeting were read and approved. 

The Secretary presented the nomination of Mr. E. E. Olcott 

for resident membership, and it was referred in due course to 

the Council. : 

The Section of Geology and Mineralogy then organized and 
listened to the first paper of the evening, by Mr. John D. Irving, 

on “ The Stratigraphy of the Browns Park Beds, Utah.” The 
paper will appear subsequently in the TRANSACTIONS. 
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The second paper of the evening, was by C. H. Smyth, Jr., 

on “The Origin of the Tale Deposits near Gouverneur, N. Y.” 

The paper was read by Mr. L. M. Luquer in the absence of the 

writer, and it will appear in full in the School of Mines Quar- 

terly, for July, 1896. 

The third paper of the evening, was by H. P. Cushing, en- 

titled: “On the Existence of Pre-Cambrian and Post-Ordo- 

vician Trap Dykes in the Adirondacks.” The paper willappear 

subsequently in the TRANSACTIONS. 

The Academy then adjourned. 

J. F. Kemp, 

Secretary. 

STATED MEETING. 

April 27th, 1896. 

The Academy met with President Stevenson in the chair. 

About thirty persons present. No minutes were read, as it was 

the first meeting of a new section. 

Mr. Rush Taggart was nominated as resident member, and 

the nomination was referred to the Council. 

The Academy then proceeded to organize a section in Anthro- 

pology, Psychology and Philology. Prof. N. M. Butler was 

nominated for temporary chairman. 

Prof. F. H. Giddings was nominated and elected as permanent 

chairman, and Dr. Livingston Farrand was chosen secretary for 

the subsection of Anthropology and Psychology, and Prof. A. 

V. Williams Jackson, secretary of the subsection of Philology. 

It was resolved to have a meeting of the subsection of Anthro- 

pology and Psychology one month and of the subsection of 

Philology the next. The officers were elected for a term that 

will end at the annual meeting of the Academy. 

Prof. Giddings took the chair and the reading of the papers 

followed. 

The first paper was by F. H. Giddings, entitled “ A Plan for 
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the Systematic Study of Tribally Organized Societies.” The 

paper was a preliminary discussion which, in a full form, will be 

presented at a subsequent meeting of the section. 

The second paper was by J. McKeen Cattell, ‘‘ A Method for 

Determining Photometric Differences by the Time of Percep- 

tion.” Tests have been made upon many individuals as regards 

their quickness in determining differences of color by means of 

200 cards painted with India ink and grading from pure white 

to dead black. The paper detailed the results. 

The third paper of the evening was by Dr. Livingston Far- 

rand, and was entitled ‘ Primitive Education.” It dealt espe- 

cially with such moral training as is given among primitive peo- 

ples to the young. The paper was preliminary to a more ex- 

tended discussion that will be presented at a later meeting. 

The last paper of the evening was by Dr. Franz Boas, enti- 

tled “‘ Results of the Measurement of the School Children of 

Toronto.” The paper was not intended for publication. 

The Academy then adjourned. 

J. F. Kemp, 

Secretary. 

REGULAR Business MEETING. 

May 4th, 1896. 

The Academy met with President STEVENSON in chair. Forty- 

five persons present. The minutes of the previous meeting were 

read and approved. 

The Secretary then presented nominations from the Council 

for the following resident members: Charles B. Alexander, 8. 

J. Meltzer, M. D., John E. Parsons, William Hornaday, E. E. 

Olcott, C. A. Strong, Rush Taggart. 

The Section of Astronomy and Physics then organized. 

Prof. A. M. Mayer presented a paper on “A Heliostat with 

Small Mirrors, Giving a beam of Intense Light and Forming 
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an Image at Its Focus.” It consists in mounting a convex lense 

so as to concentrate the beam of sunlight upon one surface of 

a double reflecting prism, the lense being so mounted to rotate 

upon a polar axis as to keep the sunbeam continuously upon 

the mirror. <A negative lense near the prism rendered the beam 

parallel. A second double-prism set the beam in any desired 

direction. The advantages of this heliostat are a very powerful 

beam of light which can be made to emanate from a point and 

from which the heat rays have been almost entirely absorbed by 

its passage through the various pieces of glass. It is especially- 

adapted to work with the solar microscope. The paper was dis- 

cussed by Prof. R. S. Woodward. 

The following notes were presented by Mr. Wallace Goold 

Levison: (1) On photographs of Geisler and Crookes radiant 

matter tubes. Mr. Levison presented a very interesting series 

of photographs of Geisler and Crookes tubes taken by their own 

light. Many of these showed very beautifully the stratification 

in the Geisler tubes and the difference between the anode and 

cathode. Healso showed a series illustrating the disturbances in 

the stratification produced by plunging the cathodes to various 

depths in water. The photographs of the Crookes tubes showed 

not only the fluorescent spot opposite the cathode, but showed 

also very distinctly the bundle of cathode rays which are always 

invisible to the naked eye. (2) In this connection Mr. Levison 

pointed out the resemblance between the succession of colors 

with varying pressure in Geisler tubes and the color variation 

in the aurora and suggested that the experiment described bare 

out the idea that the aurora is an electric discharge through the 

atmosphere at various heights and pressures. A possible con- 

nection between these phenomena and the solar corona and 

comets was also pointed out. (3) The third note was the de- 

scription of a similar apparatus for obtaining X-ray photographs 

by long exposure with a small induction coil and four Bunsen 

cells. (4) The fourth note was descriptive of certain plates 

which were exhibited appearing to indicate the action of a mag- 

net on photographic films. These were called magnetographs 

and were made by placing various objects directly on the photo- 
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graphic film and suspending a magnet in front of them. No 

satisfactory explanation or theory of the results has been given. 

(5) In conclusion Mr. Levison pointed out certain causes which 

in his opinion might account for the deterioration of photo- 

graphic plates, suggesting among other things X-rays from un- 

expected sources, terrestrial magnetism, plant organisms and 

gases sucb as sulphuretted hydrogen penetrating the boxes and 

injuring the plates. He suggested the improvement of enclosing 

the plates in soldered metal boxes. These notes were discussed 

by Prof Mayer and Prof. Hallock. 

By permission of the Section Mr. C. C. Trowbridge read by 

title a paper entitled “ The Use of the Hair Hygrometer.” 

On motion the section adjourned. ° 

J. F. Kemp, Wm. HALtock, 

Secretary. Secretary of Section. 

STATED MEETING. 

May 11th, 1896. 

The Academy met with Vice-President Osporn in the chair. 

The reading of the minutes of the last meeting was postponed. 

The following papers were read : 

ON THE VERTEBRAL COLUMN, FINS AND VENTRAL 

ARMORING OF DINICHTHYS. 

By Basurorp DEAN, 

Department of Zodlogy, Columbia University. 

Hitherto our definite knowledge of this most interesting of 
American Arthrodiran fishes has been limited to the structures 
of the anterior body parts—the jaws and the plates of the head, 
“shoulder” and abdomen. It was upon these characters, as 
described in several species, that the inference had been made 
that Dinichthys was closely akin to the European Coccosteus. 

But any satisfactory comparison of the relations of these 
kindred Arthrodirans could, it is evident, only be made when 
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the endoskeletal and appendicular structures of Dinichthys 
should be discovered. For the vertebral column, girdles and fin 
structures are certainly more constant as landmarks in the dif- 
ferentiation of genera than are the outlines or tuberculations of 
_dermal or dental plates. 

It is now accordingly of general interest that a fossil has been 
found which throws unquestionable light upon the structures of 
the backbone and fin bases of Dinichthys. This unique speci- 
men* was discovered in the vicinity of Berea, Ohio, by Dr. 
William Clark, to whose zealous studies, indeed, a large part of 
our knowledge of American Arthrodirans has been due. It was 
brought to my attention in 1894 by Dr. Clark, and was subse- 
quently forwarded to the Zodlogical Laboratory of Columbia 
University for renewed study. <A further courtesy of its dis- 
coverer has now enabled me to present the following description : 

The fossil is contained in an oblong shaiy concretion, some- 
what coarser in texture—sandstone-like and lighter in color— 
than those commonly found in the Cleveland shales. It 
measures about 25 cm., occupying almost the entire length of 
the concretion. The appearance of the fossil is shown in the 
accompanying figure (Plate VII.). This,it should be explained, 
was prepared from a tracing of the structures displayed on the 
right half of the concretion, and to this drawing were added 
from the counterpart the posterior ventral plates, R PV and 
L P V, acoprolite,C, a portion of the “ventral fin,” V F, and the 
two plates of unknown position, U. These additional structures 
are accordingly shown in their normal position in the fossil, but 
the plates RPV and LP V should be understood to overlie, 
not underlie, the ventro-median plate, V M. 

As to the identification of the fossil as Dinichthys, a compari- 
son of the plates, VM, RPV, LPV and AV, with those of the 
ventral armoring of Dinichthys as figured by Newberry} and 
Wrightt leaves little doubt that these structures belonged to 
this genus. The plates are relatively thinner, however, than 
those of the types of D. terrelliand D. intermedius, but the writer 
finds by an examination of the plates of the type D. gouldi, 
Newb., preserved in the Geological Museum of Columbia, that 
the present specimen may be assigned almost definitely to this 
species. 

The fossil presents for examination the following structures : 
(A). Plates of the ventral armoring, AV, VM, LPV, RPV, 

cB G a) 

*The type is preserved in the Clark collection. __ : js 
+Newberry, Paleozoic Fishes of North America, U. S. Geol. Surv. Monogr. XVI. 
tWright, The Ventral Armor of Dinichthys, Am. Geol. Vol. XIV., Noy., 1894. 
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(B). Notochordal area and vertebral arches, NC. NA, HA, HS. 
(C). Supporting elements of the dorsal and of a pelvic fin, 

DENCE. VG: 
(A). VENTRAL ARMORING. 

There is little difficulty in identifying the typical plates of the 
ventral armoring, and in the accompanying figure, Pl. VIIL., 
Fig. 2, these have been arranged in approximately their natural 
relations. 

Of the Anterior Ventrals the fossil exhibits but a single plate, 
the left, Pl. VII., AV; this is shown in visceral aspect, its anterior 
margin broken and weathered. Its lateral margin, like that of 
Coccosteus, as described by Traquair,* and like that of Dinich- 
thys terrelli,as recently shown by Wright (op. cit.) is the thicker; 
and along this margin, which, by the by, is relatively wider and 
Jess incurved than in D. terrelli, pass well-marked parallel striz. 
The opposing margin of the plate is thinner, and shows little 
trace of encircling striz, although the weathering of the surface 
may possibly account for their absence. Vascular canals (Hav- 
ersian), rendered more conspicuous by the weathered surface, 
pass directly into the plate in its antero-lateral region; from 
this center they diverge radially, and become most conspicuous 
as open furrows in the thinner peripheral parts. The plate’s 
elongated candal end seems especially thin where it overlaps the 
left posterior ventral (Cf. Pl. VIII., Fig. 2, LPV). 

The Posterior Ventrals are both shown in the fossil, Pl. VILI., 
RPV,LPV. They are seen in visceral aspect, and appear to 
occupy very nearly their normal relations. Portions of these 
plates have been lost, but their structure is admirably preserved. 
The margins of the visceral surface are marked by concentric 
striz, which as in all the derm plates of Arthrodirans may be 
regarded as rings of growth. The focus of the vascular canals 
is prominent in the middle region of the plate, their radiating 
tubules becoming most conspicuous peripherally. The middle 
region of the left posterior ventral has been detached, but in 
such a way that a portion of its outer (surface) layer has been 
left in position. This fragment demonstrates clearly that the 
surface of the ventral armor in this, if not in every species of 
Dinichthys, was tuberclated. These tuberculations are fine, 
closely arranged, and project little above the surface; they form 
an encrusting superficial layer and, as the specimen indicates, 
separate readily from the underlying table of the plate. On this 
account it is possible that the dermal plates of Dinichthys terrelli, 
intermedius and curtus have always appeared to have been lack- 

* Traquair, Ann. Mag. Nat. Hist. [6] Vol. V., (1890), pp. 125-136. 
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ing in shagreen-like structures, thus giving ground for the belief 
that these plates were deeply embedded in the ventral integument. 

The Ventro- Median plate, Pl. VII., VM, has been retained in a 
fair degree of preservation. Like the neighboring plates, if ex- 
hibits its visceral aspect, and has been but little displaced. Par- 
allel to its margins are well-marked striz, and a series of 
straight vascular tubules converge toward its center. The 
plate’s anterior end terminates in an enlarged, flat, rounded 
area, which appears to be the homologue of a separate plate in 
Coccosteus, the ‘‘anterior median ventral” of Traquair. In 
Dinichthys, however, this element is relatively much smaller in 

size. In the present specimen its surface has been greatly 
weathered. 

Two additional dermal plates are shown in the fossil, Pl. VIL., 
U. They appear to represent a pair of plates hitherto unde- 
scribed in Dinichthys. Of their relations little is suggested, 
although it is possible that they represent the antero-lateral 
plates of the shoulder armoring of Coccosteus. In the neigh- 
borhood of these plates the fossil has retained a large pale- 
colored mass, amorphous, ragged in fracture, which in character 
and position may well represent a coprolite. It is lacking, how- 
ever, in fish fragments, and, if a coprolite, it affords no 
evidence of the presence in Dinichthys of an intestinal spiral 
valve. 

Comparison of the ventral armor of Dinichthys gouldi with 
that of D. terrelli, as described by Wright, gives evidence that 
the conditions in the smaller species were by far the more 
generalized. (cf. Pl. VIII., Figs. 2 and 3.) 

Thus, in D. gouldi, Pl. VIII., Fig. 2. 

1. The anterior and posterior ventro-lateral plates correspond 
closely to each other in size. 

2. The anterior ventro-laterals were simple oblong plates, 
comparatively uniform in thickness, and straight margined, 7. e., 
not crescent-shaped as in D. terrelli. 

3. The relation of the anterior ventro-laterals to the poste- 
rior ventro-laterals was a simple one,the former overlapping the 
latter broadly and apparently loosely ; there is no evidence that 
the overlapping portion of the anterior plates were fitted into 
an insunken area in the hinder plates. 

4. The posterior ventro-laterals were simple oblong plates ; 
their hinder median margins overlapping ‘(the right possibly 
overlapping the left, unlike in Coccosteus), but showing no trace 
of the peg-and-socket suture by which they are united in D. 
terrelli. 

5. The outer surface of the plates (posterior ventro-laterals, 
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and probably the rest as well) was tuberculate as in the earliest 
Dipnoans and Teleostomes. 

And it is further evident that the ventral armoring of D. 
gouldi does not differ widely from that of Coccosteus. (Cf. Pl. 
VIII, Figs. 1 and 2.) 

(B.) NorocHorDAL AREA AND VERTEBRAL ARCHES. 

The space formerly occupied by the notochord is clearly appar- 
ent in the present fossil, Pl. VII., NC. And an idea may even be 
obtained of the notochord’s relative thickness, as it passed tail- 
ward from the region of the ventral armoring in the broad space 
margined on either side by the remains of vertebral arches. As 
nearly as the present writer can determine the proportional 
thickness of the notochord in Dinichthys is not widely different 
from that in Coccosteus, although, perhaps, slightly thicker in 
the former type. In neither form have any traces been found 
of vertebral centra. 

The vertebral arches, as shown in the present fossil, Pl. VII., 
NA, HA, have been imperfectly preserved. The following notes 
regarding them may, however, be safely made: They were as 
numerous, relatively, as in Coccosteus; they show a similar 
regional differentiation, and appear to be similar in structural 
regards. On the other hand, they differ from the conditions 
in Coccosteus in being shorter and more uniform in length. 
Their substance, too, appears to have been frailer, and judging 
from the structures shown in several cases, it seems probable 
that these arches could not have been widely different from those 
of Ceratodus, 7. e., cartilaginous internally, the superficial 
layers encrusted with lime. Under these conditions the hemal 
and neural structures would naturally be subject to distortion 
during fossilization. 

The neural arches seem to have tapered distally into a neural 
spine. The fossil shows no evidence that this may originally 
have been a separate element, nor does it show that the neural 
arch had ever appended to it a more distal element. The 
hemal arches, on the other hand, seem to have terminated 
bluntly and to have been capped by a separate spine-shaped 
element (hemal spine?) as seen, for example, at HS in 
Pl. VII. It must be admitted, however, that this jointed ap- 
pearance may have been due to artefact. If anormal character, 
the separation of the naemal spine from the arches becomes an 
important diagnostic character, separating Dinichthys from 
Coccosteus. 

TRANSACTIONS N. Y. ACAD. ScI. Vol. XYV., Sig. 11, June 2, 1896. 
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(C). SupportincG ELEMENTS OF THE DoRSAL AND OF THE 

PeEtvic Fin. 

The position of the basal support of the dorsal fin may be 
outlined in the fossil, Pl. VII., DF, although they are imperfectly 
preserved. In number they correspond closely to those of 
Coccosteus, but in other regards they appear to have been 
widely different; they are thus smaller and slenderer, and the 
elements of their proximal row, although very imperfectly 
shown, seem to have differed considerably from the neighboring 
distal elements. It is also noteworthy that the outer tips of the 
distal elements appear to have been the more densely calcified, 
so that indeed these tips could remain after the remaining por- 
tion of the element had disintegrated. Several of these sepa- 
rated distal ends may be noted in the fossil. The evidence now pre- 
sented is sufficient to demonstrate that the dorsal fin of 
Dinichthys was relatively in the same region as in Coccosteus, 
but that it was smaller and more delicate, the latter character 
directly opposed to what might have been inferred on a priori 
grounds. ; 

The pelvic girdle and the basal supports of the ventral fin 
are shown in the fossil, at VG and VF, Pl. VII. Their preser- 
vation is, however, so imperfect that nothing definite can be de- 
termined about them; indeed were it not that this portion of 
the fossil corresponds so closely in position and outline to the 
structures of the ventral fin and hip girdle in Coccosteus, one 
could hardly be justified in atttempting an identification. The 
writer is inclined to believe that the apparently separate elements 
at VF.are in reality not the basalia of the ventral fins, but 
artificially separated portions of the distal part of the. pelvic 
girdle. 

Fin structures in Dinichthys (terrelli) have already been des- 
eribed by Prof. Newberry, and figured by him in his Palzozoic 
Fishes (Monograph XVI, U. 8S. Geological Survey, Pl. VII.). 
His specimens, however, had been sent him without their ma- 
trix, and he could not therefore determine their exact position. 
They had been received from Ohio from Mr. J. Terrell, who had 
several times found them associated with the bones and plates of 
D. terrelli. These “ ossified fin rays,” as far as Dr. Newberry 
could judge from a single detached group of them, and from 
several fragmentary elements, were then believed to represent 
in part the base of the dorsal fin. The structures of the present 
specimens are certainly not adverse to this view of Dr. Newberry. 
But a reéxamination of the types by the present writer leads to 
the belief that they may well have been exernal fin structures. 
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They certainly do not correspond to the basalia of the dorsal 
fin shown in the present material, although they may have rep- 
resented the external rays. It is possible that they may prove 
to have been caudal structures. 

The additions to a knowledge of the structures of Dinichthys 
as given in the present paper, may be summarized as follows: 

I. Presence of notochordal axial skeleton, of dorsal fin and 
of pelvic girdle, similar to those in Coccosteus. 

II. Presence of an hitherto undescribed pair of dermal plates. 
III. Evidence that a pair (and probably, therefore, all) of the 

plates of the ventral armoring were surface plates. 
A contrast of the ventral armoring of Dinichthys gouldi with 

the corresponding structures in D. terrelli and in Coccosteus (cf. 
Pl. VIII., Figs. 1,2 and 3), leads the present writer to believe that 
the conditions in Coccosteus are most nearly those of the com- 
mon ancestor of these three forms. And that in D. gouldi are 
present more generalized conditions than in the larger species. 
Thus in Coccosteus the plastron is composed of separate dermal 
plates, more or less rhomboidal in outline, and differing little 
from each other in size. In Dinichthys, on the other hand, these 
plates differ more widely from each other in size and outline, 
the median plates—median ventral and anterior median ventral 
—no longer broadly lozenge-shaped and separate, are now re- 
duced toa single narrow lanceolate element. In D. gouldi the 
plates of the plastron overlap as in Coccosteus; in D. terrelli 
they become more widely unlike each other and are fixed to- 
gether with definite sutures. 
May 12, 1896. 

THE HISTORY OF THE ACHROMATIC STRUCTURES 

IN THE MATURATION AND FERTILIZATION 

OF THALASSEMA. 

By Brapney B. Grirrin, B. Sc. 

University Fellow in Biology, Columbia University. 

The following observations on the eggs of the chetiferous 
gephyrean, Thalassema, were made on a series of stages col- 
lected at Beaufort, N. C., by Professor E. B. Wilson, in the 
summer of 1895, with a view to the investigation of the achro- 
matic structures, and especially the centrosome in maturation 
and fertilization. In intrusting this material to me Professor 
Wilson suggested that I should first follow out in detail the 
history of the centrosome with special regard to its behavior 
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with the various fixing agents employed. Apart from this my 
special object has been to determine whether that structure 
commonly known as the centrosome, 7. e., the small dark stain- 
ing body at the poles of the division figure, is a permanent per- 
sistent organ, handed down from one cell division to the next, 
or a transitory structure present only during karyokinesis, dis- 
appearing iater and re-formed at the next division. As will be 
seen, my results show conclusively that so far as T’halassema is 
concerned, the former is the correct alternative; and on this 
point my results agree with those of van Beneden and Boveri 
(Ascaris), Mead (Chetopterus), Wheeler (Myzostomum), and 
others who have more or less definitely attained the same result. 

The present paper deals principally with the achromatic 
structures; the history of the chromatin the author hopes to 
discuss in detail in a future work. 

The material included series fixed with picro-acetic and sub- 
limate-acetic, and a few stages with pure sublimate, and with 
Merkel’s Fluid. Of these the best results were given by picro- 
acetic, which gives, in most cases, faultless preservation of all 
the structures. In the series fixed by sublimate acetic, certain in- 
teresting differences are seen, a description of which. will be de- 

ferred until the normal history of the centrosome has been con- 
sidered in detail. 

The eggs were imbedded in paraffine, cut into sections 25h 

thick, mounted and stained on the slide by Haidenhain’s Iron 
Hematoxylin, followed in a few cases with Congo Red to dif- 
ferentiate the reticulum of the centrosphere. 

I desire to express my indebtedness to Professor E. B. Wilson 
for the numerous courtesies he has extended me during the 
progress of the work, and my sincere appreciation of his advice 
and encouragement. 

THE EGG CENTROSOME. 

The earliest trace of the egg centrosomes that I have so far 
been able to detect was in preparations from eggs fixed about 
ten minutes after fertilization. They then appear as two minute 
dark staining granules, already distant about 90°, situated close 
to the nuclear membrane which is still intact though showing a 
slight invagination, folding, or at least a flattening next the cen- 
trosomes. This is probably caused by inwardly growing rays. 
At this stage the centrosomes are indistinguishable from the 
surrounding cytoplasmic granules, save for the minute few and 
short rayed aster focused at each. This fact renders the ques- 
tion of the origin of the centrosome extremely difficult if not. 
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insolvable in this form; for previous to the formation of the 
asters the centrosomes could not be distinguished from the nu- 
merous nuclear as well as cytoplasmic granules. This black 
centrosome granule seems to be the only structure at the focus 
of the rays, and shows no trace of a surrounding archoplasmic 
mass, apart from the radiating fibrille of the aster. As yet no 
chromosomes have been definitely established, though here and 
there are to be observed slight thickenings or bunching together 
of strands of the chromatic reticulum which is doubtless the 
prelude to chromosome formation. There is also present in 
this stage a large dark staining nucleolus, situated eccentricly 
within the nucleus. The nucleus lies very nearly in the center 
of the egg, and the deutoplasm is pretty evenly distributed in 
the surrounding cytoplasm. (Fig. 1.) 

From now on the size of the asters and the number, length 
and distinctness of the rays steadily increases.* The nuclear 
membrane meanwhile becomes more and more pushed into the 
folds by the ingrowing spindle fibers in essentially the same 
manner as described by Watasé (Squid), Wheeler (Myzotomum), 
Braus (Salamander) and others. The deepening of the folds 
continues until at length the nuclear membrane commences to 
break apart at the apices of the folds. Through the openings 
thus formed the rays enter the nucleus, while the intervening 
portions of the membrane seem to be drawn into the polar sys- 
tem and pass insensibly into rays. (Fig. 2.) Typical tetrad 
groups, to the number of nine I believe, are meanwhile -esta- 
blished, and before the membrane has commenced to fade a 
small centrosphere is differentiated about each centrosome. In 
some cases, at least, the latter becomes double even at this 
early period, by an extremely precocious division in anticipation 
of the second polar division. 

In most cases the asters develop independently, unconnected 
with each other by any sort of central spindle. The definitive 
spindle finally arises by the meeting of rays from the opposite 
asters. In two or three cases, however, where for some reason 
the asters had not diverged far, but remained comparatively 
near together, I observed what seemed to be a central spindle 
connecting them, in a stage corresponding to Fig. 2. It is 
figured in Fig. 3. The difference is probably due to variation 
in the relation between divergence and growth of the asters. If 
great divergence takes place while the asters are yet small, as 
usually the case, no such “ central spindle” is formed, but the 
appearance shown in Fig. 2 results. If, on the other hand, the 

_* This progressive elongation of the rays with the growth of the aster agrees with 
Driiner’s account of the spermatocytes of the Salamander. 
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asters diverge but little while their growth continues, then the 
state of things shown in Fig. 3 will follow. 

The nuclear membrane now gradually fades away, first disap- 
pearing in the neighborhood of the asters, and the tetrad chro- 
mosomes are drawn up into the spindle. A vast amount of the 
chromatin is left as a very coarse stranded reticulum or skein 
lying in the cytoplasm, where it degenerates and finally fades 
away, though it sometimes persists until the first polar spindle 
is in place. (Fig. 4.) The nucleolus can be traced through all 
stages previous to the one just described. The latest period at 
which I have observed it was in a stage slightly later than the 
one figured. It then appears in the mass of discarded chroma- 
tin as a dark staining body, variable in shape and size though 
always considerably smaller than in previous stages. 

With the arrangement of the chromosomes in an equatorial 
plate, the first polar spindle is completed. It lies tangentially 
on the periphery of the mass of discarded chromatin. The 
spindle now rotates through 90° and assumes a radial position. 
(Fig. 5.) At this stage the length of the spindle is nearly one- 
third the diameter of the egg. At each pole is a well defined 
light staining centrosphere, containing a double centrosome. 
The centrosphere is perfectly homogeneous and shows no trace 
of any darker area surrounding the centrosomes. <A noticeable 
feature is presented by the rays. These are relatively of great 
length, many exceeding that of the entire spindle. Those that 
pierce the equatorial plane, external to the spindle, show a 
marked curvature toward the axis of the latter. This curvature 
is greater in those lying nearer the spindle. At this period the 
egg shows a marked polarity, which was not so obvious in 
earlier stages. This is brought about by the collection of the 
deutoplasm at the lower pole, leaving the region at the upper 
pole surrounding the spindle relatively free from yolk granules. 
A slight flattening or depression of the surface of the egg next 
the external aster is also to be seen the stage just described. 
(Fig. 5.) During the halving of the tetrad groups no change 
takes place in the achromatic figure until mid or late anaphase, 
when the two inner centrosomes diverge considerably in a di- 
rection perpendicular to the axis of the spindle, the centrosphere 
meanwhile elongating in the same direction. 

The telephase, therefore, shows the two centrosomes wide 
apart, one at each pole of the now somewhat fusiform centro- 
sphere, and the rays show a tendency to group themselves about. 
these poles as foci. The dyads left in the egg, after the expul- 
sion of the first polar body, lie at the outer side on the peri- 
phery of this incipient spindle, stretching in a curved row from 
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pole to pole. (Fig. 6.) During the divergence of the centro- 
somes no trace of connecting spindle fibers is to be detected, 
and the interior of the elongating centrosphere appears un- 
changed. The appearance of spindle fibers passing from pole to 
pole, and the disappearance of the intermediate rays mark the 
establishment of the second polar spindle, the dyad chromo- 
somes still, however, retaining their peripheral position. As 
yet no well defined area or centrosphere has appeared about 
each daughter centrosome, but the rays seem to converge di- 
rectly to the centrosomes. Before or during rotation the dyad 
groups become arranged equatorially about the new spindle, 
while an extremely minute centrosphere differentiates about 
each centrosome. The spindle, which at first lay tangentially, 
7. e., With the axis perpendicular to the egg radius, finally ro- 
tates into a radial position lying near the periphery. (Fig. 8.) 
It closely resembles in general appearance the first polar spin- 
dle, but is only one-half the size of the latter and the centro- 
spheres are excessively minute. The curving of the rays, so 
noticeable in the first polar spindle, is here scarcely perceptible. 
In all essential features the subsequent stages are a repetition 
of the first polar anaphase. The second polar body is formed 
at or extremely near the point at which the first was expelled, 
since not only do the two in later stages lie in contact, but in 
several cases the extruding second polar globule was seen to push 
the first before it. ‘Che subsequent history of the polar bodies I 
have not as yet followed out in detail. The first in several 
cases was seen undergoing mitotic division, They persist until 
the second cleavage when they seem to be taken up bodily into 
the egg and absorbed by the cytoplasm, 

The origin of the centrosome of the second polar spindle by 
division of the centrosome of the first has been observed in 
other forms. Thus Boveri (1) has shown that in the Heteropods 
the centrospheres of the second polar spindle arise by division 
from the inner centrosphere of the first. A stage exactly simi- 
lar to my Fig. 6 has been figured and described by Mead (7) for 
Chetopterus indicating that a similar mode of origin of the 
second polar spindle occurs in that annelid. More recently 
Korschelt (6) has described the maturation in the egg of another 
annelid Ophryotrocha, from which it appears that, in mode of 
derivation of the second polar centrosome, Ophryotrocha agrees 
with Thalassema, save that in the former the centrosome is re- 
presented by a body of considerable size. 

It is interesting to note that in several cases the second polar 
telophase shows the centrosome again divided and with the 
halves more or less diverged, as though preparing for a third 
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mitosis. This incipient amphiaster, if it may be so called, never 
progresses so far as to show spindle fibers. A third mitosis in- 
volving the egg centrosome does not, however, occur; for soon 
after the above described stage and before the meeting of the 
pronuclei both centrosomes with their surrounding atmospheres 
and asters, degenerate and disappear. This doubling of the cen- 
trosome seems too orderly to be a commencing fragmentation 
preparatory to degeneration, and one cannot avoid the thought 
that it may be a reminiscence of some ancestral process such as 
a parthenogenetic division or possibly a ‘ quadrille” such as 
Fol has described. 
A somewhat later stage shows the chromosomal vesicles 

formed and closely crowded. All that is now left of the egg 
center are a few indistinct rays. A little later Fig. 10, even 
these disappear and the vesicles show no trace whatsoever of 
aster, rays, or center of activity connected with them. More- 
over previous to their disappearance these radiations, in connec- 
tion with the female vesicles, are seen lagging behind the latter 
on the side removed from the male pronucleus. The sperm 
center at this stage (Fig. 10) consists of two powerful asters 
with focal centrosomes, at the poles of a hemispherical pro- 
nucleus. 

The foregoing observations show conclusively, as I believe, 
that the egg centrosome persists throughout all the maturation 
stages, but thereafter disappears. In the cleavage stages its 
place as directive center in cell division is taken by the sperm 
centrosome. The sperm asters can be traced throughout all the 
subsequent fertilization stages; their foci at no time show any 
such disturbance or sudden doubling or increase in size of the 
centrosomes, as would be expected did the egg center join or 
fuse with them. 

THe SPERM CENTROSOME. 

For some time after its entrance into the egg the spermhead 
shows no trace of archoplasmic mass, centrosome, or radial ar- 
rangement in the surrounding cytoplasm, but lies as a large 
homogeneous spherical body, somewhat roughened on its peri- 
phery, and staining intensely black by hematoxylin. It is sit- . 
uated somewhat eccentricly within a surrounding clear area. 
In this condition it remains for some time. The first appear- 
ance of the aster is at the extremity of a small process that 
arises from the spermhead. In the stage figured this is directed 
forward toward the center of the egg, but in one or two earlier 
preparations it appeared to be situated at one side and directed 
tangentially. This fact may indicate that the spermhead ro- 
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tates, as Wilson and Mathews (10) have shown to be the case 
among the Echinoderms. The process extends through the 
surrounding clear region, to the margin of the cytoplasm, where 
it is seen to be crowned by a minute aster with a focal centro- 
some similar in all respects to the egg centrosome in its earliest 
condition, the rays converging directly to the centrosome with- 
out any visible surrounding archoplasmic mass. A division of 
the centrosome which soon follows leads to the formation of a 
minute amphiaster still some distance in advance of the main 
portion of the spermhead. (Fig. 8.) By this time the process 
has disappeared. A “central spindle” connecting the daughter 
centrosomes is not demonstrable in all cases. In cases where it 
appears to be present, it is impossible to decide, owing to its 
extreme minuteness, whether it is a true central spindle or 
merely an accidental meeting of astral rays. In later stages it 
entirely disappears. 

While the second polar anaphase is in progress both the 
sperm amphiaster and the sperm pronucleus increase in size and 
the latter assumes a vesicular structure and approaches the am- 
phiaster. By the time the female vesicles are formed and aggre- 
gated, and their radiations are disappearing, we find the male 
pronucleus assuming a hemispherical shape with the base closely 
applied to the amphiaster, one centrosome and aster at each 
pole. (Fig. 10.) As yet no centrosphere has appeared, the rays 
still converging directly to the centrosomes. 

Considerable variation exists in regard to time of fusion of 
the vesicles. In some cases they fuse extremely early, in others 
they reach the male pronucleus and fuse with it while still 
separate though closely aggregated. This appears to be related 
to the position of the male pronucleus at the time of the second po- 
lar anaphase. Ifthe former is still some distance away the vesi- 
cles may have time to fuse before meeting it, but if, on the other 
hand, the sperm nucleus has already advanced so as to lie near 
the vesicles when the latter are formed they may not have time 
to fuse before copulation of the pronuclei. The female pronu- 
clei or group of vesicles now applies itself to the base of the 
male pronucleus between the asters,and in all cases so far ob- 
served, fuses with it completely. giving rise to a segmentation 
nucleus in which there is no visible distinction between paternal 
and maternal chromatin. After,or even before, the wall separa- 
ting the two pronuclei has faded, the chromatin is observed to 
have thickened at various points to form the commencement of 
the chromosomes. This fact renders it highly probable that 
there is no actual fusion of the chromatin, but that each half 
retains its individuality and that one-half of the resulting chro- 
mosomes are of paternal origin and the other half of maternal, 
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Throughout all these stages the centrosomes are clearly trace- 
able and at no time disappear. During the formation of the 
segmentation nucleus the asters as a whole become far less dis- 
tinct, though they are seen to be composed of numerous ex- 
tremely long rays that converge directly to the centrosomes. 
Even at this stage fibres can be observed proceeding inward 
toward the nucleus. (Fig. 11.) 

THE CLEAVAGE-FIGURE. 

With the completion of the segmentation nucleus the asters 
again become distinct, the rays steadily increase in number 
and become more densely crowded as the development of the 
asters progresses. A small centrosphere now begins to differ- 
entiate about each centrosome. The spindle fibers from each 
aster are now more marked, throwing the nuclear membrane 
into folds at each pole. At no time, however, do they show the 
slightest evidence of entering the centrosphere, but in all cases 
end centrally at the periphery of the centrosphere. The nucleus 
now elongates, becomes spindle-shaped, its membrane fades 
away at the poles before the advancing spindle fibers, while 
laterally it is visible for some time, forming the lateral boundary 
of the spindle, its two halves converging toward the poles ex- 
actly like astral rays. (Fig. 12.) 

It persists thus for some time, in some cases until the process 
of chromosome formation is considerably advanced, but sooner 
or later it disappears. In the stage figured, each centrosphere 
contains but one centrosome occupying a central position. 
Before the equatorial plate is established, however, each centro- 
some becomes double and moves into a slightly eccentric posi- 
tion, nearer the outer periphery of the centrosphere. In favor- 
able preparations each pair of centrosomes is seen to lie in the 
center of a body or area, distinguished from the surrounding 
centrosphere by staining slightly deeper with Iron Hematox- 
ylin. This body, however, is in most cases extremely faint and 
can be made out only with difficulty. Up to this point the 
spindle has been steadily elongating, a phenomenon which ap- 
pears to be a continuation of the process of divergence of the 
centrosomes, subsequent to the division which gave rise to the 
sperm amphiaster. (Compare Figs. 8-12.) 

The fully formed mitotic figure (Fig. 13) is closely similar in 
appearance to that of Toxopneustes, as described by Wilson (11). 
In Thalassema, as in Toxopneustes, each aster contains an im- 
mense lightly staining centrosphere, sharply distinct from the 
dense outer crown of astral rays. In the former, however, the 
distance between the outer peripheries of the centrospheres is. 
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over one-half the diameter of the egg, a much greater ratio than 
that figured for Toxopneustes (12) wherein the length of the 
spindle similarly measured is seldom a third of the egg diameter. 
The reticulum occupying the interior of the centrospheres is ex- 
ceedingly fine and close. It stains very faintly with Hematox- 
ylin, though quite deeply with congo red. The centrosomes are 
now seen to be exceedingly near the outer peripheries of the 
centrospheres. In some preparations the surrounding darker 
area seems to have already faded away, in others it is dis- 
tinguishable (faintly it is true) not only in this stage, but dur- 
ing the early anaphase as well, though even then it soon disap- 
pears. In most cases no trace of rays can be detected within 
the centrospheres, though sometimes what appears to be a few 
short rays can be seen converging toward the centrosome when 
the latter is near the periphery. It is noteworthy that these ap- 
pear only when the centrosome is near the periphery, and that 
they occur on the outer side only of the centrosome. These 
rays, however, appear much finer than the astral rays and to re- 
semble in their staining properties the substance of the centro- 
sphere. The astral rays can be readily seen to branch out dis- 
tally and become continuous with the cytoplasmic reticulum, 
exactly as described by Wilson (10) in Toxopneustes. More- 
over the granular nature of the rays and of the cytoplasmic retic- 
ulum is clearly demonstrable. In these features they are ex- 
actly similar to the homologous structures in the maturation 
spindles. 

The splitting and divergence of the chromosomes now follow 
(Fig. 14), during which the centrosomes, undergoing no change 
save perhaps a slight further divergence of the daughter centro- 
somes, persist on the outer periphery of each centrosphere, as 
two dark staining granules. In this condition they remain un- 
til about mid anaphase, when (Fig. 15) a few rays may be seen to 
be focussed about each, making on the outer periphery of each 
centrosphere a minute and rather indistinct amphiaster. The 
old rays still persist. This amphiaster, as will be seen, is the 
precocious preparation for the second cleavage. 

The next stage (Fig. 16) shows the centrosomes further sepa- 
rated and with a small though well defined aster about each. 
The rays of these asters converge directly to the centrosomes 
with no certain trace of surrounding centrosphere. In this 
stage it would be impossible to distinguish the centrosomes 
were it not for the asters. The centrosphere now ellipsoidal in 
shape has been growing less distinct, its interior taking a darker 
stain and more nearly resembling the cytoplasm. Except in the 
region of the second cleavage amphiaster, it is still surrounded 
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by the old rays still converging to the old center. The diver- 
gence of the chromosomes is accompanied by a gradual elonga- 
tion of the old spindle, so that the outer periphery of each cen- 
trosphere comes to lie nearer the egg periphery. By the time 
the chromosomes have reached the edge of the centrosphere 
each becomes converted into a minute vesicle, and the centro- 
somes of each amphiaster have further diverged, while their rays 
have increased in number and distinctness. (Fig.17.) The old 
rays are now mostly indistinguishable, though they persist for 
some time on the sides of the former centrosphere, still converg- 
ing to the old center. Boveri has figured (1) just such a per- 
sisting convergence of rays to a previous center, in Ciona, just 
previous to formation of the first cleavage figure. 

The vesicles are now drawn up into the region of the former 
centrosphere, where they gradually fuse, forming at first a lo- 
bate nucleus. The newly formed amphiaster lies on the outer 
periphery of this nucleus, the two asters separated about 90° + 
(Fig. 18.) 

It might be noted that from the first each aster seems to de- 
velop, independent of the other, around its focal centrosome; 
there seems to be no persistent and genuine “ central spindle ” 
connecting them. What seems to be a central spindle in Fig. 
17 is, I believe, merely a transitory, non-significant structure 
due to the meeting of rays from the two asters. It later dis- 
appears, with the complete fusion of the vesicles. 

The nucleus now rounds out, all trace of the component 
vesicles disappearing, while the asters continue to diverge until 
they occupy opposite poles of the nucleus. Even before the 
definite position has been reached, spindle fibres commence to 
grow in toward the nucleus. The subsequent history, so far as 
traced, 7. e., until commencement of the second cleavage ana- 
phase, is but a repetition of that of the first. At the poles of 
the completed vesting nucleus, spindle fibres grow in, folding 
the membrane, which later first fades away at these points. The 
nucleus becomes spindle-shaped; a centrosphere is formed 
around the centrosomes, which very early divide and become 
surrounded by a darker area within the centrosphere. In the 
equatorial plate stage, or slightly later, the centrosomes com- 
mence to migrate toward the outer periphery of the centro- 
sphere, where the dark area fades away. Further than this I 
have not followed it. 

EFrect OF FIXING AGENTS. 

Sublimate-acetic (80% sublimate solution and 20% acetic 
acid), though in general affording fine fixation of both chromatic 
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and achromatic structures, yet causes the deutoplasm spheres to 
lose their staining power more or less completely, while picro- 
acetic or pure sublimate brings them out sharply, causing them 
to stain intensely black with Hematoxylin. This seems to 
hold true in a measure for the centrosomes, since in many 
cases they fail to appear after treatment with sublimate-acetic. 
This agent also appears to swell up the centrospheres to a con- 
siderable extent, giving them in the fully-formed cleavage figure 
a diameter greater than the width of the spindle at the equatorial 
plate, while after picro-acetic their diameter is considerably less 
than that of the equatorial plate. In other respects, however, 
they present an appearance closely similar to that described by 
Wilson (11) in Toxropneustes after the same reagent. He then 
obtains a large reticulated centrosphere staining red by Bor- 
deaux or Congo red, surrounded by a dense crown of blue 
staining astral rays, and in which “there is absolutely nothing 
that can be identified as a centrosome.” ‘This renders it not im- 
possible,as Wilson has himself expressly pointed out,* that the 
centrosome may be here likewise present within the centro- 
sphere in the same form as in Thalassema. This is, perhaps, 
strengthened by the fact that both Boveri (2) and Reinke (9) 
have described in the Sea urchins a centrosphere more or less 
closely similar to that of Toxopneustes. On the other hand, it 
should be noted that in numerous preparations of the sublimate 
series the egg of Thalassema still retains traces of the behavior 
of the centrosome, so easily made out in the picro-ascetic series. 
Thus in the fully formed cleavage figure up to mid anaphase 
there is often seen a circular hyaline region, occupying the same 
relative position within the centrosphere as the cloudy area sur- 
rounding the centrosomes in the corresponding stages of the 
picro-acetic series. Within this area I observed in some cases 
two dark staining granules in every respect similar to the cen- 
trosomes, while in other preparations these could not be demon- 
strated. Moreover, in certain poorly preserved and much dis- 
torted picro-acetic preparations exactly such a clear area could 
be seen surrounding the centrosomes. In the sublimate-acetic 
series it was extremely rare to find a trace of the newly formed 
peripheral second cleavage amphiaster, though occasionally 
during and subsequent to the telophase the minute asters could 
be made out, with their centers, however, swollen up and bereft 
of centrosome. None of these appearances are described for 
Toxopneustes. It might be interesting to add that in Spherech- 
inus Hill obtains (5), after using sublimate-acetic, a distinct 

* Science, Vol. III., No. 54, Jan., 1896. 
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centrosome in the first cleavage figure. Von Rath (8) also de- 
scribes a similar state of affairs in the Echinoderms. 

Both v. Beneden and Boveri have given detailed descriptions of 
the morphology of the polar systems, centrosome, sphere, rays, 
etc. Between the accounts of these two investigators there ex- 
ists considerable discrepancy which has been carefully considered 
by Hacker (4). In Thalassma it would seem that morphologi- 
cally the minute dark staining granule is equivalent to Boveri’s 
“centriole,” the cloudy surrounding area to his “ centrosom,”’ 
the centrosphere to the “ hellem Hof,” and the crown of astral _ 
rays to his ‘‘archoplasm.” Furthermore, my “ centrosphere ” 
seems to correspond to the centrosphere described by Stras- 
burger in Vegetal Karyokinesis. Functionally, however, the 
black granule (“ centriole ”’) is here the true centrosome, since it 
alone of all the elements of the polar system persists and multi- 
plies by division. We have seen that the rays centrosphere 
and cloudy area, which are in turn differentiated about the cen- 
trosome, are formed only during the stages immediately pre- 
ceding the establishment of the chromosomes and equatorial 
plate, and commence to break down the moment the anaphase is 
fairly under way. They subsequently degenerate in situ and 
disappear completely, while the centrosome, unaccompanied by 
any surrounding archoplasm mass, migrates to the periphery of 
the centrosphere, where it sets up a newseries. From this fact, 
as well as from the extreme minuteness and constancy in size of 
the centrosome, it would appear that the rays, centrosphere and 
cloudy area are probably to be looked upon as differentiations 
of preéxisting cytoplasmic material, or possibly the product of 
a specific form of metabolic activity set up in the cytoplasm by 
the centrosome, which disengages the forces at work in mitosis. 

ZOOLOGICAL LABORATORY CoLUMBIA UNIVERSITY, 

May, 1896. 

[Since the above went to press there has appeared an ex- 
tremely interesting article by Kostanechi and Wierzejshi (Ueber 
das Verhalten der sogen. achromatische Substanzen im befruch- 
teten Ei. Nach Beobachtungen an Physa fontanalis. Archiv. f. 
Micr. Anat. Bd. 47 H. 2 April, 1896). From the figures and ac- 
counts of these authors it appears that Physa very closely re- 
sembles Thalassema. In the precocious division of the centro- 
some, the origin of the second polar spindle, the absence of a 
quadrille, the division of the second polar centrosome previous 
to its disappearance, the formation of the sperm amphiaster, and 
in some cases the curving of the rays—in all these points the 
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correspondence is almost complete. Moreover, during midana- 
phase these investigators obtain two small amphiasters at the 
poles of the first cleavage figure in all respects similar to those 
of my fig. 16. In Physa, however, there is no large centro- 
sphere, and consequently no previous peripheral wandering of 
the centrosomes.—June, 1896. | 
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EXPLANATION OF PLATES. 

Figs 1, 2, 4, 5, 8, 9, 10, 11, 12, 17 and 18 were drawn by Prof. Wilsonand 
the writer ; the remainder were drawn by the writer. 

PLATE IX. 

Fic. 1. The egg ten minutes after fertilization, showing the minute asters 
and their focal centrosomes, also the large black nucleolus. 

Fic. 2. Somewhat later stage several tetrad groups have been already 
formed. 
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Fia. 3. The same stage, showing variation in relation of asters to nucleus. 
Fic. 4. Much later stage. The. tetrad groups have now been established, 

leaving a mass of discarded chromatin. The sperm head is shown at ¢. 
Fia. 5. First polar spindle during halving of tetrads. Sperm head at ¢. 
Fia. 6. First polar telophase. Sperm head and aster ( g). 

PLATE X. 

Fic. 7. Second polar spindle, still tangential in position. Slightly later 
than Fig. 6 

Fic. 8. Second polar spindle. Spermhead with amphiaster (¢). 
Fic. 9. Second polar telophase, showing centrosomes divided. Sperm- 

head and amphiaster ( ¢ ). 
Fic. 10. Shortly before copulation of pronuclei, showing male pronucleus 

( g) with powerful asters, and the female vesicles ( 2 ) deve oid of asters. 
Fic. 11. Copulation of pronunclei. 
Fic. 12. Somewhat later stage, segmentation nucleus elongating. 

PLATE XE: 

Fic. 13. Fully formed first cleavage figure, showing centrosomes already 
divided and surrounded by the darker area, nearing the periphery of the 
centrosphere. 

Fic. 14. Commencement of anaphase. Centrosomes or periphery of cen- 
trosphere. 

Fic. 15. Stage just previous to mid anaphase, minute amphiaster forming 
about the centrosomes. 

Fic. 16. Mid anaphase, amphiaster elongated. 
Fia. 17. Vesicles previous to fusion. 
Fic. 18. Vesicles fusing. 

ANATOMY OF THE EAR OF THE DOG-FISH (GALEUS 

CANIS.) PRELIMINARY PAPER. 

By WarRREN H. EVERETT. 

This work was begun at the Marine Biological Laboratory, 
Wood’s Holl, Mass., “during the summer of 1893, at the sugges- 
tion of Prof. Howard Ayres, of the University of Missouri. It 
was continued at Hamilton College under the supervision of 
Prof. A. D. Morrill, and brought to its present state of com- 
pleteness at the Biological Laboratory of the New York Uni- 
versity. 

The auditory capsule of the dog-fish (Galeus canis) is situated 
on either side of the head just outside of the brain cavity, the . 
anterior wall of the capsule forming the posterior wall of the 
orbit. A line drawn from the posterior corner of the eyelids 
would touch the most anterior part of the ear. 

The capsule consists of a mass of hyaline cartilage, lined in- 
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side and out with a layer of small calcareous plates. The cavity 
within the capsule is known as the capsular or perilymphatic 
cavity, and incloses the internal membranous labyrinth or ear. 
The cavity is an irregular chamber with canals arising from it. 
In the freshly killed animal this cavity contains a thin, trans- 
parent and watery substance, the perilymphatic fluid. There 
may also be seen a network of fine connective tissue fibres which 
connect the membranous portions of the ear with the walls of 
the cavity, holding them in place and at the same time support- 
ing the blood vessels of the ear. Where the membranous parts 
are in close contact with the walls of the cavity the fibres form 
a cushion between the membrane and the wall. These fibres are 
especially distinct in preserved material. 

The internal ear consists of a body made up of two parts 
closely united and three curved tubes that arise from the body 
in different planes. The divisions of this body portion are called 
the sacculus and the utriculus, and the tubes given off, the 
semi-circular canals. The sacculus gives off a small, rounded 
body, the lagena. The recessus utriculus is near the proximal 
end of the utriculus and under the ampulle of the anterior 
and horizontal canals, Figs. 1-5 show these parts as seen from 
the side, back, above, front and behind. The transverse and 
vertical diameters of the ear are approximately equal. The 
axial diameter is somewhat greater. 

Let us now look at each part of the ear separately, beginning 
with the sacculus (s.) and utriculus (u.) as the most prominent 
and as occupying a central position around which the other 
parts are arranged. 

SAccuLus, 

The sacculus (s.) is the largest division of the ear. It lies 
upon the ventral and inner wall of the body part of the cap- 
sular cavity, occupying a little more than one-half the whole 
space. It may be compared in shape to a flattened sack or 
flask, the sides of which project more posteriorly than anteri- 
orly. The upper part of the sacculus is marked by a depression 
that extends somewhat diagonally across the dorsal surface. 
(* * Fig. 5.) The portion above this depression is the utricu- 
lus (u.). If we examine the inner or ventral wall of the sac- 
culus (s.) we find no line of separation. The sacculus seems to 
pass into the ductus endolymphaticus (d. end.), gradually nar- 
rowing down until it becomes a ‘small tube not more than 1 mm. 
in diameter. This tube, which is the ductus endolymphaticus 
proper, passes upward just in front of the connecting tube of 
posterior canal (p.c.t.), inclines a little toward the median 
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plane, and upon reaching the top of the ear bends suddenly 
toward the median plane, passes through the wall of the cap- 
sule and enters an oblong depression in the top of the skull. 
The duct now expands into a flattened sack which makes four 
bends and opens externally close to the occipital portion of the 
lateral line. Whether the ductus endolymphaticus connects or 
communicates with the lateral line system, I cannot say. One 
dissection gave evidence that such was the case and also that a 
nerve communicated with the terminal pore, but as yet I have 
not been able to make control dissections. 

From the dorsal wall of the main body chambers of the cap- 
sular cavity there projects downward a piece of cartilage which is 
firmly attached to the dorsal wall of the sacculus (s.) near the 
center. In the vicinity of the lagena (1.) there is also a point 
where the wall of the sacculus is closely attached to the wall of 
the capsule. 

LAGENA. 

The lagena is an outgrowth from the posterior part of the sac- 
culus (s.). It is a small rounded sack projecting downward 
paralell to the median plane. It extends about 1 mm. below the 
lower surface of the sacculus. It seems to be formed by a con- 
striction in the sacculus as well as by an outgrowth of its pos- 
terior wall. The lagena presents more and greater variation 
than any other part of the ear. 

UTRICULUS. 

The utriculus (u.) is an elongated flattened tube extending 
from the anterior ampulla (a. a. Figs. 1 and 5) across the upper 
part of the sacculus. Then curving upward it becomes thicker 
and broader and continues upward until it connects with the 
horizontal and anterior canals. As before noticed, the utriculus 
(u.) is on the dorsal wall of the sacculus above the diagonal line 
of depression (** Fig. 5), and rests on the dorsal or outer wall 
of the ductus endolymphaticus. The utriculus communicates 
with the sacculus by means of the canalis utriculo-saccularis, 
which is a long slit-like opening. There is no communication 
between the utriculus and the ductus endolymphaticus except 
through the sacculus or recessus utriculus (7. u.), because the 
partition which forms the base of the utriculus, and also the 

lower lip of the opening between the utriculus and sacculus, lies 
upon and adheres closely to the dorsal wall of the ductus en- 
dolymphaticus. 

Sinus UTRicuLus. 

The upper part of the utriculus (u.) is somewhat thicker and 
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broader than the utriculus proper and is called the sinus utricu- 
lus (sin. u.). Its position is such as to form a nearly vertical 
portion of the ear. The horizontal canal enters this sinus at 
about the middle of its posterior wall. The anterior canal 
enters the top of the sinus, which is reduced in size and some- 
what flattened in the plane of this canal. 

ReceEssus UTRIcuLwvs. 

At the anterior end of the sacculus, immediately under the 
ampulle of the anterior and horizontal canals (a. a., h. a., Fig. 1), 
and touching the anterior end of the utriculus and also a por- 
tion of the ventral wall of the utriculus, is a rounded body a 
little longer than broad and a trifle flattened dorsally. This 
rounded body is the recessus utriculus (7. u.). It communi- 
cates with the utriculus by means of the ductus-utriculi, a small 
slit in the upper inner wall of the recessus utriculus. It also 
communicates with the sacculus by a broader opening, the canalis 
recessus saccularis. The ductus-utriculi is situated just above 
the canalis recessus saccularis. 

SEMICIRCULAR CANALS. 

Arising from the sacculus and utriculus are three nearly semi- 
circular tubes. These tubes are from 1 to 14 mm. in diameter 
and very regular. Each tube is inclosed in a capsular canal. 
They arise in three distinct planes and receive their names from 
their positions. The one that lies in a vertical plane forward 
and outward is called the anterior canal. The one that lies ina 
vertical plane backward and outward is called the posterior canal. 
The third canal lies in a plane nearly horizontal to the body of 
the ear. The planes of the first and second canals make an 
angle of 107° with each other. 

The plane of the anterior canal makes an angle of 37° with 
the median plane. The plane of the posterior canal makes an 
angle of 36° with the median plane. These angles are the aver- 
ages obtained by actual measurements made after the top of the 
capsule had been removed and before the canals had been in any 
way disturbed. Out of more than twenty-five measurements, 
the greatest variations found in any angle was less than 1° ; 
very few measurements showed any variations. Fig. 6 is a 
traced copy made from a photograph of the ear and brain. It 
shows the relations of the ear to the brain and eye, also the 
angles made by the anterior and posterior canals. The third 
canal extends outward from about the center of the body 
of the ear in a plane slightly oblique to the frontal plane. 
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This is called the horizontal canal. The proximal end is 
in close relation with the proximal end of the anterior 
canal at the recessus utriculus (r. u.); while the distal end 
enters the sinus utriculus through its posterior wall a little 
above the plane of the canal. 

The posterior canal (p.c.) is almost completely separated from 
the body of the ear. At the proximal end just after the canal 
bends inward and forward is an enlargement, the ampulla of the 
posterior canal; from this ampulla, inclosed in a capsular canal 
is a thin membranous tube which connects the ampulla with the 
distal end of the canal. This tube is the connecting tube of 
posterior canal (p.c.t.). It is much larger than the rest of the 
canal and completely fills the capsular canal. 

The only communication which the posterior canal has with 
the body of the ear is a small, short tube, the ductus canalis pos- 
terioris (d.c. p.). It arises from the middle of the connecting 
tube, passes under the distal end of the horizontal canal, and 
enters the sacculus pointing toward the lagena. 

AMPULL. 

The proximal ends of all the canals are swollen into vesicle- 
like bodies having the side farthest from the center flattened at 
the point where the nerve enters. These enlargements are the 
ampulle (a. a., p. a., h. a.). 

The ampulla of the anterior canal is directly above the utricu- 
lus (u.) and opens freely into it. The ampulla of the horizontal 
canal is connected with the utriculus by means of a short tube, 
the ampullar tube (a. t.). It enters the utriculus under the pos- 
terior part of the anterior ampulla. The ampulla of the pos- 
terior canal has been mentioned. It is larger and longer than 
either of the others. 

NERVE SupPtiy. 

The auditory or eighth cranial nerve passes from the brain 
and enters the capsular cavity in the same plane as the lower sur- 
face of the brain and at nearly right angles to the axis of the 
body. Upon entering the capsular cavity the nerve (n.) comes im- 
mediately into contact with the anterior portion of the sacculus 
(s) just under the recessus utriculus (r. u.). At this point the 
nerve divides into two branches. One branch supplies the sac- 
culus, lagena and posterior ampulla; the other the recessus 
utriculus and the ampulle of the anterior and horizontal canals. 
The former branch is made up of two parts: the ramulus pos- 
terioris, that supplies the ampulla of the posterior canal, and 
the ramulus saccularis, which supplies the ventral part of the 
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sacculus. This ramulus branches and spreads over the ventral 
wall of the sacculus. Part of the fibres of this ramulus extend 
to the papilla acustica lagen. From about the middle of the 
ramulus posterioris (1. p. a., Fig 2) and directly under the an- 
terior part of the connecting tube of the posterior canal (p.c. t.), 
two small branches are given off, the ramuli of the macula neg- 
lecta(m. n.). These ramuli pass upward to the connecting tube 
of the posterior canal. The larger ramulus clasps the upper 
side of the tube with brush-like endings. The smaller ramulus 
clasps the under side and the fibres of the two interlace. The 
other main branch of the auditory nerve turns upward toward 
the recessus utriculus and branches, sending off the ramulus re- 
cessus to the ventral wall ofthe recessus utriculus. A little be- 
yond, the main branch divides and sends ramuli to the ampulle 
of the anterior and horizontal canals. 

BIOLOGICAL LABORATORY, 
NEw YORK UNIVERSITY, May, 1896. 

EXPLANATION OF THE FIGURES. 

REFERENCE LETTERS. 

Ss. Sacculus. 
u. Utriculus, 
ue Recessus utriculus. 
1 Lagena. 

c Anterior Canal. 
ce. Posterior Canal. 

h.c. Horizontal Canal. 
a Anterior Ampulla. 
a. Posterior Ampulla. 

h.a. Horizontal Ampulla. 
d. end. Ductus endolymphaticus. 
d. c. p. Ductus canalis posterioris. 
p. c. t. Connecting tube of the posterior canal. 
sin. u. Sinus utriculus. 
uP Line of depression between s. and u. 
a.t. Ampullar tube. 
n. Auditory Nerve, 8th Cranial Nerve. 
r. p. a. Ramulus to posterior Ampulla. 
m.n. Macula neglecta. 

PLATES XII., XIII., Fras. 1-5. Show different views of the complete mem- 
branous ear of the right side. Fic. 6, View of the canals and their relation 
to the brain and eye. 

Fic. 1. The membranous ear as seen from the outside at nearly right 
angles to the side of the head and a little above. It shows the shape and po- 
sition of the sacculus (s.), utriculus (u.), lagena (1.) and their relation to 
each other: also the position of the ampullze with respect to the canals and 
the recessus utriculus (r. u.). d.c¢. p. represents the small connecting tube 
between the connecting tube of the posterior canal (p. ¢c. t.) and the saccu- 
lus (s. ). 
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Fia. 2. The membranous ear as seen from the inside at right angles to 
and on a level with the head. It shows the position of the ductus endolym- 
phaticus (d. end. ) and its relation to the sacculus (s.), utriculus (u.) and the 
recessus utriculus (r. u.). It also shows the position of the utriculus (u. ) 
with respect to the recessus utriculus (r. u.) and the ampulla of the anterior 
canal (a.a.). The two dotted lines that extend from the ramulus of the 
posterior ampulla to the ductus canalis posterioris (d. c. p.) show the course 
of the ramuli of the macula neglecta. (m. n.) marks the macula. 

Fic. 3. The membranous ear as seen from in front. It shows the over- 
lapping of the connecting tube of the posterior canal (p.c. t.) over the sinus 
utriculus (sin. u.). It also shows the position of the nerve (n.) which sup- 
plies the recessus utriculus (r. u.) and the ampullz of the horizontal and 
anterior canals (h. a.) (a.a.). 

Fic. 4. The membranous ear as seen from behind. It shows the pos- 
terior canal (p.c.) and the tube (d. c. p.) that connects it with the sacculus 
(s.), lagena (1.) and sinus utriculus (sin. u.) as seen from a posterior direc- 
tion. It shows the angle of the horizontal canal (h. c.) with respect to the 
body of the ear. Also a general end view of the sacculus (s.). It also shows 
the ampullar tube (a. t.) of the horizontal canal (h. ¢. ). 

Fic. 5. The membranous ear as seen from above. It shows the large 
curve made by the horizontal canal (h. ¢. ) and the shape of the ampulla (h. a. ) 
of the horizontal canal (h. c. ) together with the angle at which it enters the 
utriculus (u.) at the base of the anterior ampulla (a. a.). The darkened line 
from the horizontal and anterior ampulle represents the diagonal line of 
depression (**) which marks the separation of the utriculus (u.) and sac- 
culus (s.). This view also shows the angle between the posterior and an- 
terior canals (p.c.), (a. ¢.). 

Fic. 6. This is a drawing traced from a photograph of ear, eye and 
brain. It shows the angles made by the anterior and posterior canals with 
the axis of the head and with each other. Also the position of the ear as 
referred to the eye and brain. 

THE PACIFIC SALMON WITH NOTES ON THE 

HABITS OF THE YOUNG.* 

By TARLETON H. BEAN. 

The natural distribution of the salmon family covers all the 
principal divisions of the world, within arctic and temperate 
limits, except South America, and even in that continent man 
has attempted to supply what nature omitted. 

The river trout and sea trout of Great Britain have been ac- 
climatized in Tasmania and New Zealand, and the former has 
been successfully introduced into many waters of the United 
States. The rainbow trout of California is now thriving in 
many of the Eastern States, in which it has been planted, as 
well as in Mexico, Japan and Continental Europe. The quinnat 

* Read April 13, 1896, before the Biological Section of the New York Academy of 
Sciences. 
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salmon of California is now reared with certainty in some parts 
of France and Germany. 

Ichthyologists now recognize about one hundred valid spe- 
cies in the salmon family, including the white fish, the zrconnu or 
nelma, at of Japan, lenok of Siberian rivers and lakes, the black- 
spotted river trout, the red-spotted charr and the Pacific and 
Atlantic salmon. 

In North America a species of trout is native in the Sierra 
Madre of Mexico, in Chihuahua, near the boundaries of Du- 
rango and Cinaloa. This is the most southerly species known. 
The range northward is coincident with the limits explored by 
man. In the United States the eastward distribution of black- 
spotted trout was checked by the plains of the middle region, 
which present conditions unfavorable to salmon life. The At- 
lantic ocean formed an impassable barrier to their westward 
migration and their want of adaptation to Arctic life prevented 
invasion of Atlantic streams from the north. 

The salmon family includes some small members, for example, 
the capelin, the oulachon, or candle fish, the smelts ; and such 
very large ones as the common whitefish, the inconnu, the lake 
trout, the Atlantic salmon and severai of the Pacific salmons. 

The genus of Pacific salmons, Oncorhynchus, was established 
by Dr. Suckley, in 1861,in the Annals of the Lyceum of Natural 
History of New York. It was based upon the Salmo Scoulert 
of Richardson, now known as the gorbuscha, or little humpback 
salmon, the smallest of the known species unless we regard 
Kennerly’s salmon as a distinct form, and nota variety of the 
red salmon dwarfed by landlocking. 

Five well marked species of Oncorhynchus are recognized at 
present and these inhabit the North Pacific Ocean, from which 
they ascend rivers at various periods of their lives, but chiefly 
when about to spawn. The identification of the species, fortu- 
nately, is not difficult and may be accomplished by reference 
merely to the number of scales in a longitudinal series, branch- 
iostegal rays, anal rays and gill-rakers—all external characters 
except the last. 

One of the salmon, the little humpback, has more than 200 
scales in the lateral line, and is at once distinguished thereby. 
Two of them have about 150 scales, the quinnat and the dog 
salmon, and they are readily separated by the number of the 
branchiostegals and anal rays. Two others have about 130 
scales and may be recognized easily by the great difference in 
the number of gill-rakers, the silver salmon having 23, while the 
red salmon has 35 or more. 

The red salmon can be identified immediately by means of its 
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gill-rakers, which are far more numerous than in any other 
species. It was by reference to this character that the young 
individuals before you were easily made out. 

The following brief key will serve to distinguish the species : 

Scales 200" ormore she. oa e ce ae ee . Gorbuscha. 
Seales about 150; 

Be LCS AIO ose oe Cor coe Meee Chouicha. 
B. ie 5: SER gh tk is BM a Be ai 5 Keta. 

Seales about 130; 
Gill rakers 23 Meat ining ave whale Renee ee ee eee Kisutch. 
Gilkirakerst3 oe) Oho ee, eet eee ee Nerka. 

' In the eight small examples here shown the gill-rakers vary 
from 33 to 38, and the lengths, to end of middle caudal rays, 
from 5? to 62 inches. 

The great size of some of the species of Oncorhynchus, the 
enormous abundance of individuals, and the surpassing value of 
the products of the salmon fisheries unite to increase the interest 
of the biologist and the political economist in this noble group 
of fishes. 

To illustrate, the average weight of the quinnat salmon is 
above 20 lbs., and individuals weighing 100 lbs., are authenti- 
eally recorded: At St. Paul, Kadiak, in 1880, Mr. BeG: 
McIntyre had one that weighed Ge 1 Ibs. , Without its viscera ; 
the fish must have exceeded 100 lbs. _ 

The abundance of the fish is best shown by reference to the 
statistics of the canning industry, and on this point I quote 
from Dr. Smith, W. A. Wilcox and other recent authorities. 
Dr. Smith says: 
“The chief objects constituting the products of the west 

coast fisheries are salmon, cod, “herring, flounders, rockfish, 
smelts, whales, fur seals, crabs, shrimps and oysters. Thesalmon 
are nearly as valuable as all of the other products combined. 
Chief among the fishery industries of the Pacific States is the 
canning of salmon, which is prosecuted on a large scale in Cali- 
fornia, Oregon, Washington and Alaska. In 1892, 56 canneries 
were in operation. These utilized 81,487,993 pounds of salmon, 
having a value of $2,376,037, from which 1,118,098 cases of 
canned fish, each holding 48 one-pound cans or the equivalent, 
were prepared, the market value of the canned goods being 
$5,294,032.” 

W. A. Wilcox, in Report, U.S. Fish Commission, 1893, states 
that: ‘“ From 1866, the year in which salmon canning began on 
the Columbia river, to 1893, inclusive, the gross weight of the 
salmon utilized for canning was over 658,000,000 pounds, and 
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the value of the pack was over $59,000,000. The salmon salted, 
consumed fresh locally, or shipped fresh to other parts of the 
country,aggregated 192,000,000 pounds, making the total output 
of the Columbia 850,000,000 pounds, worth $66,000,000. If the 

total salmon catch of the Columbia river during that period 
could be loaded into railroad cars, 42,500 ordinary freight cars 
would be required to contain the fish, which would make a solid 
train over 280 miles long.” 

During the five years beginning with 1889, the number of 
pounds of salmon utilized in Alaska was 275,262,240, an average 
of over 55,000,000 pounds a year. 

The British Columbia salmon pack in 1895 was 566,395 cases 
of 48 pounds each. At the rate of 12 fish to a case this repre- 
sents 6,796,740 salmon. 

It is safe to assume that fully 20,000,000 of salmon are util- 
ized annually by canning and salting establishments of the 
Pacific coast, and these represent chiefly only two of the five 
species. Vast numbers of salmon are consumed also by whites 
and natives in the region inhabited by the fish. Upward of 
150,000 salmon have been caught in a day at a single fishing 
station in Alaska. 

The species represented by the greatest number of individuals 
are the red salmon and the little humpback. 

The sea-going habit of the salmon makes the study of its 
marine life history impracticable, and there are no stations on 
any of our salmon streams at which continuous observations 
are made. There is not even a fishery at sea for any of the 
species, as there is in the Baltic in winter for the Atlantic sal- 
mon. Under such conditions our knowledge of the fish comes 
slowly and imperfectly, the sources of information being limited 
chiefly to fish-breeding establishments wherein salmon are kept 
under a species of domestication. 

The following remarks upon the migrations of the Atlantic 
salmon are found in Day’s British and Irish Salmonide : 

“Respecting the salmon, trout and charr, the most diverse 
opinions have been and are still held as to whether their ances- 
try was marine or fresh water.* 

‘The fact must not be lost sight of that, if salmon ever de- 
pended for their entire subsistence on the fresh water they ascend, 
the amount of food they would require would be so great in a 
river as to constitute a nuisance and cause pollution were it 
left unconsumed. 

*Parnell, 1838, remarked there is no doubt that the true abode of the salmon is in the 
sea, for as soon as it has entered the rivers it begins to deteriorate in condition, the 
scales lose their brilliant silvery lustre, and the flesh becomes soft and pale. 
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“Salmon on entering rivers, as a general rule, deteriorate in 
quality, similarly to what has been shown takes place in sea 
fishes prevented migrating to the ocean, unless under peculiarly 
favorable conditions; therefore it becomes a bet of what is 
the effect on salmon debarred from going to the sea. 

“During the summer months the salmon roams along our 
coasts in search of food, and may be found close in shore many 
miles from where any fresh water enters the sea, loitering in es- 
tuaries and also at the mouths of rivers up which it purposes 
ascending. 

“ The fish culturist is aware that their eggs will not hatch if 
deposited in salt water. 

‘* Salmon are anadromous, entering our rivers chiefly for the 
purpose of perpetuating their race. During their youth they 
live and feed in fresh water ; as they grow older they descend as 
smolts to the sea, from yas after a time they return as grilse 
and salmon to the rivers; thus the waters they select for their 
residence differ from each other in specific gravity, taste, tem- 
perature and products. 

‘Most of the male salmon pars kept at Howietoun had milt 
in November, 1883, when 2 years and 8 months old, At the age 
of 5 years and 8 months allof these fish seemed ready to breed, 
and young were bred from their spawn. Consequently, de- 
scending to the sea prior to depositing ova is not a physiologi- 
cal necessity for young salmon.” 

Upon the breeding habits of the Atlantic salmon Dr. Gunther 
makes the following statement in his Introduction to the study 
of Fishes: 
“The salmon offers a most remarkable instance of irregularity 

as regards the age at which the individuals arrive at maturity. 
Shaw has demonstrated in the most conclusive manner that 
those small salmonids, which are generally called parr, are the 
offspring of the salmon, and that many males, from 7 to 8 inches 
long, have their sexual organs fully developed, and that their 
milt has all the impregnating properties of the seminal fluid of 
a much older and larger fish. No parr has ever been found 
with mature ova.” 

Speaking of the same species, Mr, Frank Buckland stated be- 
fore a Parliamentary Committee in 1877 that a salmon does not 
breed every year, but once every three years. Mr. Chas. G. 
Atkins has published observations on the Atlantic salmon in 
Penobscot River, showing it to be a biennial spawner. 

The marine life of the Alaskan salmon is practically unknown, 
and even the age at which they become sexually mature and re- 
turn to the rivers to spawn is uncertain. Some ichthyologists 
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have held to the theory that the salmon mature in three or four 
years from the time they first leave the rivers, assuming that 
they go to sea when one year old. This theory is apparently in 
conflict with the fact that individuals of the same species differ- 
ing greatly in size enter the rivers simultaneously. 

As a guide to the age at which the quinnat salmon becomes 
sexually mature we have the important experiments of Dr. 
Jousset de Bellesme in the Trocadéro Aquarium, Paris, and in 
ponds elsewhere in France. He states that many individuals 
are mature when three years old, and that they reproduce as 
well in fresh water without going to sea as they do under the 
usual conditions in their native waters. At the age mentioned 
they weigh from thirteen to fifteen pounds. 

From recent observations at the Karluk River, Kadiak Island, 
Alaska,it appears that young red salmon frequently return from 
sea with the adults, and sometimes ascend the river at least a 
short distance. Mr. Barling, who manages a fishery at Karluk, 
called my attention to the return of young salmon with the 
adults in the following letter concerning the specimens ex- 
hibited : 

San Francisco, CAL., Jan. 9th, 1896. 
Dr. Tarteton H. Bean, N. Y. AQuariuM, CASTLE GARDEN, 

New. York, N. Y. 
Dear Doctor: In the matter of the young salmon sent to you 

by Mr. Brommage; they were taken out of our nets in the early 
spring of last season (1895). For many seasons past I have 
noticed the small fry in surprising numbers standing inshore 
with the adults, and while I was satified that they were small 
salmon, I could not so positively state ere this, on account of 
not being able to catch them before they escaped through the 
larger meshes. I was enabled to furnish you the few which I 
sent by backing up the nets with the small-mesh seine; at the 
time we caught over 1,000 small salmon and only 900 adults. 

Some of my friends on the (Karluk) river always maintained 
that these small fish were trout, and even now some are hardly 
satisfied. I will state, however, that these small fry salmon are 
not to be seen in numerous quantities after August 10th. 

I have always maintained ever since I have been in Karluk 
that the fish we catch are not all Karluk bred fish, being 
merely attracted inshore by the fresh waters from the Karluk 
river. This year (1895) was not as much so as in many years 
past, but that was caused by the extreme lengths of the nets 
driving the salmon outside the range of the inner buoys. 

Yours very truly, 
(Signed) H. J. BARLING. 
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In 1889 the writer saw a few young male salmon at Karluk in 
company with schools of adult fish seeking to enter the river. 
This probably occurs annually, but the return of red salmon 
measuring only six inches in length in such numbers and with 
such regularity as noted by Mr. Barling is a circumstance of 
very great interest. There may be some doubt whether these 
young fish have really entered upon their sea life, but the ob- 
server states positively that they were ‘‘standing inshore with 
the adults,” and his testimony is entitled to credit. 

This species, the red or blue back salmon, is one in which the 
migratory habit is strongly developed; it ascends rivers to a 
distance above one thousand miles from the ocean, to spawn 
around the shores of deep, cold lakes and in their tributaries, 
preferring waters whose highest temperature rarely exceeds 55 
degrees Fahrenheit. We know something about the spawning 
habits of this salmon and others of the same genus, but its 
marine life is a sealed book, and even its going and coming are 
about as little known as its geological age. The necessity of 
systematic and continuous observations upon this highly impor- 
tant economic family of fishes is obvious. 

NEw YORK AQUARIUM, 

BATTERY PARK, NEW YORK, April 13, 1896. 

STATED MEETING. 

May 18th, 1896. 

The Academy met, with President STEVENSON in the chair. 

About twenty-five persons present. The minutes of the last 

meeting were read and approved. 

The Section of Geology and Mineralogy was at once organ- 

ized. 

The first paper of the evening was by Mr. Heinrich Ries, en- 

titled “ Notes ofa Trip Through the Marble Quarries of West- 

ern New England and Eastern New York.” Mr. Ries sketched 

out the geology and geographic distribution of the limestone quar- 

ries examined along the Hudson River and Lake Champlain on 

the northward trip, and the marble quarries in the Green Moun- 

tains and Berkshire Hills on his return south. His remarks 
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were copiously illustrated by the lantern and by many beautiful 

specimens. The paper was discussed by Messrs. Martin, Dodge 

and Kemp, to whose remarks the speaker replied. 

' The second paper of the evening was by J. F. Kemp, on “ The 

Great Quartz Vein at Lantern Hill, Mystic, Conn., and its De- 

composition.” The speaker described the vein as being about 

400 feet in width and at least 1,200 feet in length. Its northern 

extremity forms the summit of Lantern Hill, about 500 feet 

above sea level. This portion is of hard milky white quartz. 

The southern extension of the vein forms Long Hill. It is 

lower in altitude and largely composed of less pulverulent 

quartz, which, however, perfectly preserves the comby structure 

of the quartz vein. It consists of innumerable interlocking 

masses of quartz crystals. It is but slightly iron-stained in a 

few spots. It is so soft that it can be crumbled between the 

fingers, and is easily dug with pick and shovel without any blast- 

ing. The vein strikes north about 15 degrees east and cuts 

squarely across the laminations of the gneiss. It is one of the 

largest quartz veins known in the East and is of very pure 

silica. Samples from the crumbly portion range from 98 to 99.4 

per cent.of SiO,. <A few rare scales of some micaceous or chloritic 

mineral are practically the only other materials present. Under 

the microscope the powdered quartz appears quite fresh, and 

exercises a vigorous influence on polarized light. Some prism 

faces of quartz crystals show etched figures, but in general the 

evidence of corroding alkaline solutions is hard to find. The 

speaker was therefore led to refer the pulverulent character of 

the vein to the effects of a faulting or crushing movement, al- 

though on the spot he inferred the action of some corroding 

alkaline solution, presumably magnesian. The paper was dis- 

cussed by Messrs. Dodge and Hovey. 

The third paper of the evening was by J. F. Kemp, and was 

entitled: ‘The Pre-Cambrian Topography of the Adirondacks.” 

The speaker mentioned the curious outliers of Cambrian and 

Ordovician strata that had been discovered far up in the moun- 

tains at long distances from the main outcrops that skirt the 

mountains at lower levels. The strata lie in valleys in the 
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metamorphosed crystalline rocks, which valleys represent beyond 

question the old Pre-Cambrian river valleys which were filled 

with sediment by the encroaching sea of Potsdam and Ordovician 

times. Lake George is the largest example of this kind, and 

contains remnants of Potsdam sandstone and Trenton limestone 

in the southern portion. The valley of Trout Brook, which lies 

just west of Rogers’ Rock, at the north end of Lake George and 

is separated from it by a high intervening ridge of gneiss, con- 

tains two outliers of Potsdam sandstone of a few acres in ex- 

tent. In the valley of Putnam’s Pond, in the western part of 

Ticonderoga township, there is another outlier of Potsdam 

sandstone. Both these latter are shown on the map of Ticon- 

deroga which accompanies the speaker’s report on this region to 

Prof. James Hall, which report was published in 1895. Another 

isolated area of Calciferous limestone is found on Schroon Lake, 

under Schroon Lake Post Office. It is a few acres in extent 

and the exposed rock is about 75 feet thick. It is about 

850 feet above tide at its upper point. Down the lake and 

river valley it is nearly forty miles to the next Cambrian out- 

crop, which is below Hadley. The speaker also cited the little 

outlier on the Newton Mountain, near Wells, on the Sacondaga 

River, and the fact that the Cambrian and Ordovician sediments 

on the west side reach short distances into the areas of crystal- 

line rocks and along the river valleys. He stated that all the 

outliers on the east had a uniform northeasterly strike and a dip 

10 to 20 degrees to the northwest. He remarked that they occur 

in the valleys of streams which are now notably sluggish, and 

explained this slow movement by suggesting that these streams 

flow in Pre-Cambrian valleys, which were in that time reduced 

nearly to a base level. He referred this parallel strike and dip 

to the later faulting and tilting of the strata inthisregion. Re- 

marking upon the undoubted presence of faults in the development 

of the topography he emphasized the evidence that this early 

erosion acted long before the time of fossiliferous sediments. 

He added that the old river valleys had been in part determined 

by the presence of crystalline limestones. The paper was dis- 

cussed by Messrs. Dodge and Hovey. 
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The last paper of the evening by Messrs. L. M. Luquer and 

H. Ries described an area of Augen-gneiss near Bedford, N. Y. 

It was read by Mr. Luquer and will appear in full in the TRAnNs- 

Actions. The gneiss appears to have been originally a granitic 

rock that has been extensively crushed and sheared out into 

the“augen” structure. The original quartz has been mostly com- 

minuted, but the Carlsbad twins of orthoclase have remained 

as “augen.” The paper will appear in the American Geologist. 

The paper was discussed by Dr. E. O. Hovey, who cited the 

case of the sheared Eisenach quartz-porphyry, in which the feld- 

spars have been crushed, but the quartzes have been drawn out. 

Mr. G. F. Kunz mentioned the following items as the meeting 

closed. 

A meteoric stone weighing 31 ounces was seen to fall by Mr. 

J. F. Black, April 9th, 1896, at 6:15 P. M., on his farm nine 

miles east and one mile north of Ottawa, Kansas. This meteor- 

ite contains iron particles throughout and is of the characteristic 

stony variety. 

A remarkable nugget of native silver, weighing 448 ounces 

troy, was lately found five miles from Globe City, Pinal county, 

Arizona. The mass is a water-worn nugget, slightly oval, very 

compact, and on its surface is bright silver-white, showing that 

it is made up of strings of crystallized silver, whereas the inte- 

rior of the mass contains more or less cerargyrite. It has been 

presented to the Lea collection of American minerals of the 

United States National Museum. 

New Zealand promises, mineralogically, to be a country of 

surprises, as many interesting things are gradually being brought 

to light by the agate hunters from Oberstein, Germany, who are 

visiting it. Recently they have discovered some immense masses 

of rolled, rutilated quartz, weighing from ten to thirty pounds 

each. The masses are penetrated by crystals of rutile, red, 

brown and yellow, many inches in length and of the fineness of 

hair. Occasionally the rutiles occur very sparingly; then again 

they are in such profusion as to give the entire mass the appear- 
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ance of being a matted mass of hair. One mass of thirty pounds 

was entirely of this character. A fifteen-pound mass contained 

a dozen or more crystals of rutile forty-five cm. in length and 

from one-half to two mm. in diameter. Magnificent crystals of 

amethyst have also been found, one of which is entirely of gem- 

cutting material and weighs 550 pennyweights or 274 ounces 

troy. Topaz, blue and white, is found in the same localities. 
J. F. Kemp, 

Secretary. 

FAUNAS OF THE PARADOXIDES BEDS IN EASTERN 

NORTH AMERICA, NO. 1. 

By G. F. MattrHew. 
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The following article is a contribution to a revision of the 
faunas of the Paradoxides beds as they are developed in 
eastern North America. The region where these beds are 
found is spread along the Atlantic sea-board from New Found- 
land to eastern Massachusetts, and it is not known that the 
genus Paradoxides existed west of the Braintree basin in that 
State. 

In this article only the smaller crustaceans, including two 
genera of trilobites, are treated off. But these small fossils are 
as valuable for the correlation of horizons as the larger species, 
for they were as sensitive to a change of conditions as those, 
and tell the story of the subzone which they mark with 
as great certainty as Paradoxides itself. In fact, they are even 
of higher value for this purpose, as a small piece of shale will 
contain a fully characterized example. 

In the author’s former paper * an outline was given of the 
Cambrian system in eastern North America and its faunas, so 
that it seems unnecessary here to do more than call attention to 
the sub-divisions of the Paradoxides sub-faunas as they are 
developed in this region. We know of the occurrence here of 

*The Protolenus Fauna. New York Acad. Sci., Vol. XIV., p. 101. 
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four of the six sub-faunas into which the Paradoxides fauna is 

divided viz: 

The Sub-zone of P. lamellatus Hartt (ef. P. Oelandicus). 
: o “ P. Eteminicus (ef. P. rugulosus). 
e és “ BP: Abenacus (ct. P. Lessint). 
es os ) Bs Dawidus. 

The first of these sub-zones is the oldest Paradoxides fauna of 
which we have any knowledge, and so far has been recongnized 
in two countries only, viz., Sweden in Europe, and New Bruns- 
wick in eastern Canada. It is characterized by Hartt’s species, 
P. lamellatus, easily recognized by the interrupted, raised plates 
on the front of the glabella; the varieties of Conocoryphe and 
Ctenocephalus which occur here have more hispid tests than 
those of the next sub-zone. This sub-zone is the home of W- 
crodiscus Dawsoni and Liostracus tener,* and occurs in Sweden. 

The next sub-zone, that of P. Hteminicus, has a wide range on 
both sides of the Atlantic, but seems to be most fully represented 
in the southern regions of the area over which the genus Para- 
doxides was spread. It is the most prolific band of the Para- 
doxides beds in New Brunswick, and is the only sub-zone recog- 
nized in Massachusetts, France and Spain; the species cited by 
Walcott indicate its presence in Newfoundland ; it occurs in 
Wales as the Solva group (or in that group); it is present in 
Bohemia, and is sparingly represented in Sweden in the ‘“* Ex- 
sulens Kalk.” 

The third sub-zone, that of P. Abenacus (a species closely 
allied to P. Tessini of Sweden and P. Bohemicus of Bohemia), 
is represented in New Brunswick by a well-marked fauna, in 
which Ptychoparize and Solenopleure abound. Microdiscus 
pulchellus is a characteristic species of this sub-zone, and it is a 
stronghold of the genus Agnostus. This sub-zone is doubtfully 
present in Newfoundland,+ but it is in full force in Norway, 
Sweden and Bohemia. 

The highest sub-zone so far recognized in America is that of 
P. Davidis, which has a full representation at several localities 
in Newfoundland. It is characterized by the genus Anopolinus, 
by the species Microdiscus punctatus and by large Agnosti, in- 
cluding examples of.the Section Levigati. This sub-zone is 

*Walcott catalogues this species from Newfoundland as occurring in his zone A at 
Menuel Brook, but the species quoted by him asassociated with it there, are of the next 
sub-zone. ; 

+I have spoken of this horizon being present there (Trans. Roy. Soc. Can., Vol. IV., 
p. 150) at Chapel Arm, but the presence of Anopolinus seems rather to indicate the 
next sub-zone. In Mr. Walcott’s Zone B. of the Manual Brook Section there is a mix- 
ture of the species of the second and fourth sub-zone, but the presence of species of 
the intermediate zone does not distinctly appear. 

TRANSACTIONS N. Y. ACAD. Scl., Vol. XV., Sig. 13, August 4, 1896. 
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well marked in Wales, where the species P. Davidis was discov- 
ered, and it is fully represented in Sweden. 

The other two sub-zones of the Paradoxides beds are not known 
to be represented in America, and so far as the author knows, 
have not been recognized outside of Scandinavia. That of P. For- 
chammeri is contained in the Andrarum limestone, a very rich 
repository of Cambrian forms, where the Paradoxides fauna 
may be said to have culminated. The higher of these two sub- 
zones contains only the dying remnants of this fauna and is 
known as the Zone of Agnostus levigatus. Rare remains of a 
Paradoxides related to P. Tessini have been found in it. I. D. 
Wallerius has lately described a number of new genera, eo 
and varieties from this sub-zone in Sweden. 

The following is in brief the range of the American subfau- 
nas of Paradoxides so far as known: 

Sub-zone of P. lamellatus—New Brunswick only. 
Sub-zone of P. Eteminicus—New Brunswick, Newfoundland 

and Massachusetts. 
Sub-zone of P. Abenacus—New Brunswick and Newfound- 

land (doubtfully in the latter province). 
Sub-zone of P. Davidis—Newfoundland only. 

DESCRIPTIONS OF GENERA AND SPECIES. 

PHYLLOPODA ? 

As compared with the Phyllopod crustacean of the Olenus 
and higher zones the fossils described below are very small. 
Their minuteness is an obstacle to the study of their characters, 
for there has been suflicient molecular movement in the shales in 
which they are imbedded to obscure the surface markings of 
such delicate fossils as these. They are supposed to be crusta- 
cean on account of the long, straight hinge line and weak um- 
bones and their defined bordering rim. 

LEPIDITTA.* 

Obliquely semi-circular or semi-elliptical bivalves, wide on the 
anterior half of the valve and having a long, straight hinge line; 
umbones in front of the mid-length of the hinge, low or but 
moderately elevated. 

LEPIDITTA ALATA (Plate XV., figs. la and 1b). 

Lepiditta alata, Trans. Roy. Soc. Can., Vol. III., pt. iv., p. 61, 
pl. vi., figs. 16, 16a. 

* Trans. Roy. Soc. Can., Vol. III.. pt, iv., p. 61. 
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Valves obliquely semi-elliptical, about one-third longer than 
wide; hinge line straight, umbo less than one-third from the 
front of the valve. Tumid part of the valve occupying about 
one-third of its length and about one-half of its width; valve 
flattened toward the anterior and posterior ends. A faint nar- 
row rim is traceable around the outer edge of the valves. 

The cast of the right valve has a triangular umbonal promi- 
nence, about one-third from the front; the prominence is lim- 
ited in front by a sharp and deep furrow, placed at right angles 
to the hinge line, and extending thence toward the base of the 
valve; the umbonal elevation is somewhat hollow in the middle, 
where it bears a sharp, narrow ridge, which is directed toward 
the posterior margin, at an angle of 50° from the hinge line; a 
faint furrow connects this ridge with the point of the umbo. 

The outer surface of the valves of this species is marked by 
numerous concentric striz, and by two faint radiating furrows, 
extending on each side of the tumid part of the valve to the 
basal margin. 

The sharp median ridge and connected furrow, seen in the 
cast of the right valve of this species, are similar to those on the 
dorsal valves of some Brachiopods, but the position of the umbo 
separates it from that class of molluscs. 

Length, 1 mm. Width, ? mm. 
Horizon and Locality. In the fine, gray shales of Div. 1. ¢, 

at Hanford Brook, St: Martin’s. Infrequent. 

LEPIDITTA CURTA (Plate XV., fig. 2). 

Lepiditta curta, Trans. Roy. Soc. Can., Vol. IIL., pt. iv., p. 
Gi opl. vi., fio. LT. 

Obliquely semi-elliptical and about two-sevenths longer than 
wide ; hinge line nearly straight ; umbo depressed, less than one 
quarter from the front of the valve. Valves flattened toward 
the base and posterior end, the anterior margin has a flattened, 
depressed rim; and the front of the rim in the two valves was 
apparently connected by a triangular piece not bounded by dis- 
tinct sutures. 

The interior of shell has roughened zones or undulations con- 
centric to the umbo. 

This organism is not unlike the crustaceans of the genus 
Estheria, but its resemblance to the preceding spevies, in form 
and hinge characters, indicates a generic relation. 

Length, 14mm. Width, 14 mm. 
Horizon and Locality. In the fine dark shales of Div. 1.d!, 

at Porter’s Brook, St. Martin’s. Rare. 
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LEPIDITTA AURICULATA (Plate XV., figs. 3a and 3b). 

Lepiditta auriculata, Trans. Roy. Soc. Can., vol. xi., pt. iv., 
p. 99, figs. 2 a and b. 

Only a mould of the left valve is known. This is purse-shaped 
and has a short ear at each end of the hinge line. There is no 
marginal rim. Two grooves in the mould at the hinge line show 
that the hinge had two oblique plates towards the posterior 
end. 

The surface of the mould is highest a short distance below the 
hinge, whence it descends gradually to the posterior margin, 
where the valve is nearly flat. This mould also shows faint, 
parallel ridges, concentric to what is supposed to be the anterior 
end. Faint lines mark off three quadrate spaces, near the hinge, 
parallel to the long plate, and corresponding in position to the 
upper seal-like marks of Z. sigillata of the Protolenus Zone 
(Div. 1 b. 3). 

Size.—Length, 4 mm.; width, 35 mm.; height of one valve, 
about 4 mm. 

Horizon and Locality.—In the fine olive gray shale of Div. 1 ¢ 
at Hanford Brook, 8. Martin’s. 

This species is something like that which Mr. C. D..Walcott 
refers to Nothozoe Vermontiana, but has a longer hinge line and 
is more triangular in form; it is also much flatter than that 
species. Its long hinge line and hinge plates show it to be of 
the genus Lepiditta. 

OSTRACODA. 

After the abundance of individuals and the variety of form 
in the Ostracoda of the Protolenus Fauna, the few found in 
the Paradoxides bed is somewhat of a surprise. Perhaps the 
Agnosti so common in the fine shales of bands ¢ and d usurped 
the place of the Ostracoda. 

PRIMITIA, Jones. 

This genus is represented by more than one species in the 
rocks of the St. John group, and the author proposes to 
describe here a very tumid form, of which a few individuals 
have been found. 

PrimitTiA AcADICA (Plate XV., figs. 5a—c). 

Primitia Acadica, Trans. Roy. Soe. Can., vol. iii., pt. iv., p. 
pl. vi., figs. 22, 22 @ and b. 

Outline of the valves elliptical-oblong, with but very slight 
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projection at the extremities of the hinge line. The valves 
slope down in all directions to the margin, and the form is so 
symmetrical that it is difficult to ascertain which is the upper 
and which the lower side of the valve; but the side on which an 
obscure marginal fold is found, is supposed to be the lower side. 
It is also difficult to say which is the anterior and which the 
posterior end of the valve; one end has a low tubercle and a 
shallow pit, while the other end is plain; this distinction may be 
used for the purpose of locating the characters of the inner sur- 
face of the test, as seen on the mould of the valve. 

The center of the valve is marked by a distinct circular 
depression, apparently a perforation of the test: from this point 
a faint medium furrow extends toward the tuberculated end, 
where it fades out in the shallow pit existing at that end of the 
valve; this pit is larger than the circular depression at the 
center of the valve, but differs from it in having no defined 
margin; beside this larger pit, but nearer to the margin of the 
valve, is the tubercle above referred to; it is low, somewhat 
pinched up at the sides, and elongated in the direction of the 
larger axis of the valve. The slope of the sides of the valve 
near the margin is nearly vertical, and the marginal fold is very 
feeble and obscure. 

The surface of the valve is granulated, but the granulations 
are more distinct on the inner than the outer surface; the inner 
surface is more brilliant than the outer. 

This Primitia resembles in form and size the Silurian P. tran- 
siens, Bar.; its apparently perforated disc recalls another Bohe- 
mian species, P. perforata, Bar.; in this species the perforation 
and tubercle are situated near the hinge line, but in ours near 
the axis. 

Length, 34 mm.; width, 2 mm. 
Horizon and Locality.—In the conglomerate-limestone band, 

Div. 1.c!, at Porter’s Brook, St. Martin’s. 
In his article on the Olenellus Fauna, of Washington county, 

New York,* Mr. C. D. Walcott has described a peculiar En- 
tomostracan with a flexible test under the name of Leperditia 
(I.) dermatoides with the remark, “ It may be that this species 
should be referred to a new genus.” This fossil resembles one 
which the author has had in his hands for some time, unde- 
scribed. The peculiar wrinkling of the test (under pressure ? ) 
separates these fossils from all other Cambrian Ostracoda, and 
they are here placed in a new genus. 

*Fauna of the ‘‘ Upper Taconic”? of Emmons, in Washington county, N. Y., by C. 
D. Walcott. Am. Jour. Sci., vol. xxxiv., Sept., 1887. 
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ALUTA, n. gen.* 

Small bivalves similar in form to Aparchites (oval or ovate), 
but having a soft, flexible test, and a fine somewhat distinct 
punctation of the surface. There is no marginal fold or a very 
narrow one. 

ALUTA FLEXILIS,n. sp. (Plate XV., fig. 4.) 

Oval about one-half longer than wide, and having a very nar- 
row rim. At the anterior upper corner is a tubercle (ocular 7”) 
enclosed by a shallow furrow. Towards the back on the upper 
part of the valve (in the only example known) is a broad, shal- 
low, circular pit; irregular undulations impress the surface of 
the valve elsewhere. 

Soulpture.—Minute, rather distinct punctures. . 
Size.—Length, 34 mm.; width, 24 mm. 
Horizon and Locality.—A calcareous band in Div. 1. ¢} at 

Porters Brook, St. Martin’s, N. B. Scarce. 
This species in the position of the ocular (?) tubercle resem- 

bles Primitia oculata of the Protolenus Fauna, but the form of 
the shield is different. The species is also near Walcott’s 
Leperditia dermatoides, which, although figured as ovate (if one 
may judge by the description), include oval forms as well; that 
the author makes no reference to an ocular tubercle, so we find 
it necessary to made a specific description. 

The flexible wrinkled test causes this fossil to be overlooked 
as the embryo of some trilobite, but there is no trace of an axial 
ridge. 

CIRRIPEDIA. 

While skeletons of creatures referred to this group of crus- 
taceans have been found in considerable numbers in the Ceno- 
zoic and Mesozoic rocks they are in lessened numbers in the 
earlier deposits ; and they are more difficult to recognize on ac- 
count of their wide departure in the detail, of structure from 
existing types. Nevertheless we now find Cirripedes recognized 
as members of all the great faunas from the Ordovician onward, 
but the writer is not aware that any remains referable to these 
creatures have been reported from faunas antecedent to the 
Ordovician ; he, however, believes that such remains are present 
in the Cambrian rocks and proposes to describe herein such as 
appear to have belonged to Cirripedes. 

None of these occur contiguous to each other as to suggest 
the remains of one individual such as enabled Dr. Henry Wood- 

* Aluta leather. 
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ward to describe Turrilepas, or J. M. Clarke Strobilepis, or C. 
L. Faber Lepidocoleus, or J. Barrande Plumulites, but when 
similar objects are found in the Cambrian system no doubt these 
genera will throw light upon them. 

The remains found in the Cambrian rocks of eastern North 
America are only scattered plates of the exoskeleton, and they 
are described largely with the object of inviting attention to the 
plates of this kind, not at all rare in some layers of the fine 
shales of the Lower Cambrian, which appear to be referable to 
Cirripedes. Of the genera mentioned above Plumulites appear 
to be recognizable in certain plates found in the Paradoxides 
beds of Newfoundland. 

PLUMULITES Barrande. 

In 1846 Barrande observed in the Ordovician rocks of Bohemia 
some peculiar plates of sub-triangular form and strongly ribbed 
transversely, which he called Plumulites. Eleven years later he 
found plates of this kind grouped together in such a way as to 
show the kind of animal to which they had belonged. In 1864 
Prof. Reuss, in connection with a memoir on the Lepadide of 
the Oligocene of Germany and chalk of Gallicia, took occasion 
to point out that the Plumulites of Barrande were remains of 
Cirripedes.* In 1865 Dr. Woodward referred the valves 
from the Silurian beds of Dudley, Eng., which de Koninck had 
called Chiton Wrightianus to the Cirripedes under the name of 
Turrilepas. 'Thus by degrees the proper zodlogical position of 
these peculiar valves or plates, usually found loose and scattered 
in the shales of the Paleozoic rocks, came to be recognized. 

Barrande’s description of Plumulites is somewhat diffuse, and 
has been summarized by Zittel as follows:+ Body elongated, 
resembling a pine cone, clothed with 4-6 (or more) longitudinal 
series of scaly plates. The plates are covered by strong trans- 
verse striz, somewhat in relief, and have a triangular form ; the 
median series are ordinarily distinguished from the lateral by 
their more convex form, and by the presence of a median keel. 
Barrande also found a peculiar, more oval valve in which the 
striz encircled the upper end, which valve he called valve fenés- 
tré. 

Plumulites has been found in the Ordovician (where it was 
first recognized) of Bohemia and Ohio, and similar plates in the 
Silurian of England and the Devonian of New York; it has not 
hitherto been reported from the Cambrian. 

The presence of so highly differentiated a class of Crustaceans 

*Syst. Silur. Bohéme vol. i., Supp. p, 566. 

+ Traité de Palzontologie. Zittel and Barrois. vol. ii., p. 533. 
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almost at the beginning of Cambrian time is a proof,if any were 
wanted, of the very early origin of the Crustacean stem; and 
the rarity of plates that are found in the Paradoxides beds are 
sufficient to show that we are as yet but very imperfectly ac- 
quainted with these ancient types of Cirripedes. 

Barrande found the triangular valves of Plumulites three- 
lobed, by zones diverging from the apex, each having its peculiar 
sculpture. In describing these valves we’propose to follow his 
nomenclature, the two slopes being designated respectively the 
convex and concave sides, and the third side (by which the valve 
was attached) the base. 

PLUMULITES MANUELENSIS, n. sp. (Plate XV. fig. 7.) 

A triangular plate with curved sides, one concave, the others 
convex, rather blunt at the apex, somewhat straight along the 
base. <A band different in elevation from the rest of the surface 
of the plate traverses it from apex to base and is nearest the 
concave side. There are about fourteen strongly marked trans- 
verse ridges traversing the plate, parallel to the base. 

Sculpture.—Fine striz (about four to a ridge) on the trans- 
verse ridges. 

Size.—Length, 4 mm.; width, 34 mm. 
Horizon and Locality.—Soft gray shales of Div. 1 d?, at 

Manual Brook, Conception Bay, Newfoundland. Scarce. 
This resembles in shape Barrande’s P. compar of the Ordovi- 

cian of Bohemia, but is straighter along the base and more 
strongly arcuate in outline above the base. 

tis with great hesitation we refer the following genus to the 
Cirripedes as possibly representing the terminal plate of some 
such form as Strobilepis, or anchylosed plates similar to the 
terminal pair in Lepidocoleus; but it seems as likely a relation 
as any other that has been suggested. 

STENOTHECA Salter. 

This genus was proposed by Mr. J. W. Salter (published by 
Dr. Henry Hicks, in 1872), to include a minute corrugated shell, 
found in the Menevian group in Wales. It was described as a 
“curved shell, a small wide form, with lines of growth strongly 
marked on its surface.” The only species figured is S. cornu- 
copia. ; 

The genus is represented in the St. John Group at one 
locality by numerous examples from the horizon 1d. in a fine, 
dark shale. The little cones of this genus are always flattened, 
inequilateral, and usually have a more or less rigid band along 
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the back. Though shorter and wider these objects are not 
unlike plates of Plumulites, not only do they have the same 
sharp, transverse ridges, but a similar arched band extends 
across the middle, from the apex. This genus when described 
was placed by its author among the Pteropods, but if I am 
right in having referred to it certain small fossils of the Para- 
doxides beds, there would seem to be features indicating affinities 
with the Crustaceans, and especially with the ancient Cirripedes, 
rather than the Pteropods. 

Stenotheca had thin calcareo chitinous shells similar to the 
tests of trilobites, sharply raised ridges parallel to the lower 
border ; the apical angle was bounded by two sides, one of which 
was convex and the other concave. The convex side is called 
dorsal, and the concave ventral, the third side is the aperture or 
base. 

STENOTHECA CONCENTRICA. (Plate XIV., fig. 1.) 

Stenotheca concentrica, Trans. Roy. Soc., Vol. III., pt. iv., p. 
59) pl. vi., fig. 11. 
Amended description. Outline of the compressed fossil rudely 

lenticular, the dorsal and ventral slopes being together equal to 
the strongly arched apertural margin. The apex varies from a 
bluntly rounded form to one which is prolonged into a short 
triangular point. For about one-third from the apex the sur- 
face has irregular undulations, about seven in number, concen- 
tric to the apex, and the rest of the test on the ventral slope 
about eight strongly marked ridges, concentric to the apex; 
these ridges are increased on the dorsal slope to the number of 
twelve or thirteen by the intercalation of additional ridges in 
the dorsal third. 

Sculpture. The surface appears to have minute pores and is 
ornamented with linear ridgelets which have a roughly parallel 
and sometimes anastomosing arrangement. The most typical 
form of ornamentation is a chevron or zigzag arrangement of 
minute ridges, visible only with a lens, and most marked on the 
outer part of the sheli; these chevron lines sometimes cross two 
of the concentric ridges before turning and usually run angling 
across the ridges. The chevron sculpture varies to an irregular 
wavy arrangement of ridgelets, and that to a more or less linear 
grouping, which is the usual appearance of the ornamentation 
at the apex: occasionally straight lines on the primary ridges, 
alternate with wavy or somewhat zigzag lines in the hollows 
between. Another occasional variety of the sculpture is that 
ofirregular wavy ridgelets crowned by little tubercles along the 
summit of the ridgelets; this gives the effect of a cancellated 
surface. 
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Size.—Height of the summit of the dorsal curve above the 
aperture, 3 mm. Length of chord of dorsal curve, 34 mm. 
Length of aperture, 45 mm. 

Horizon and Locality.—In the fine, dark gray shales of Div. 
1 d.1, at Porter’s Brook, St. Martin’s. Not infrequent. 

This species may be compared with S. Cornucopia Salt. of 
the Menevian Group, in Wales; it differs in having a wider aper- 
ture and more strongly arched dorsal slope. 

Six years ago a close examination of the surface characters 
led the author to refer this object (and its genus) to the Crus- 
tacea, chiefly from its punctate surface and from the fact that 
the sculpture showed more distinctly on the inner surface than 
the outer. The shell substance was also found to be calcareo- 
corneous, like that of the trilobites and other Crustaceans. 

Var. Rapiata. (Plate XIV., fig. 2.) 

Stenotheca radiata. Trans. Roy. Soe. Can., vol. iii., pt. iv., p. 
51s ple wis, dies 12: 

Outline lenticular, more strongly arched on the apertural than 
the dorso-ventral side; dorsal slope about three times as long as 
the ventral; apex larger and more prominent than in the type; 
ventral slope more concave; a sulcus about one-third from the 
dorsum, arching from the apex to the base, usually delimits the 
dorsal zone from the rest of the plate. There are about five 
irregular, concentric ridges on the apical part and ten more dis- 
tinct and regular ones on the rest of the plate. 

Sculpture.—Differs from that of the type in the general ab- 
sence of the chevron pattern (though in a band extending along 
the middle and at the outer margin this pattern sometimes ap- 
pears), but generally the arrangement of the ridgelets is irreg- 
ularly linear. 

Size.—Usually somewhat smaller than the type. 
Horizon and Locality.—In the gray shales of Div. 1 ¢ at St. 

John; rare; also in the dark gray shales of Div. 1 d!, at St. 
Martin’s ; more common. 

The example of this variety from Div. 1 ¢ is smaller than 
those from Diy. 1 d!, and has striz radiating from the apex. 

A comparison of these little plates with the triangular plates 
of Plumulites will show that they are much alike, the essential 
differences being the doubling of the plate in Stenotheca, its 
broader aperture and the insertion of additional ridges near the 
dorsum. The Cambrian fossils have the same sharpness and 
close opposition of the ridges, and in a less distinct degree the 
radial banding from the apex. Though we noted the points of 
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resemblance in composition and sculpture between these plates 
and the tests of trilobites some years ago, we did not then 
suspect them to be parts of Barnacles, and it was only after find- 
ing the plates of another species (S. triangularis) in intimate 
relation to the detached plates hereafter described as Cirripo- 
dites that we were led to suspect that they might be parts of 
Barnacles, and possibly such a hollow caudal plate as Dr. Clarke 
figures for Strobilepis. If we admit this, however, we must also 
be prepared to allow that while this caudal plate was of caleareo- 
chitinous composition the lateral plates of the same creature 
were thicker and calcareous. 

Another possible explanation of these little plates is that they 
correspond to the dorsal row of small conical plates such as is 
scen on Strobilepis, but this seems less likely on account of 
their comparative thinness and flexibility. 
Among the fossils of the St. John group which the author in 

previous papers has assigned to Stenotheca there are two types, 
that just described and another chiefly characteristic of a lower 
horizon. It is true that all these minute fossils have certain 
characters in common, as the compressed conical form, the 
strong ribbing of the surface and the thickened dorsal band. 
But they have also points of difference, for in the forms de- 
scribed below the ribs (except in one) do not increase in number 
on the dorsal side; they are more distant from each other, and 
there are pores or perforations at their extremities; these pores 
or holes form a row along the dorsal ridge and sometimes also 
along the ventral. 

The acquisition of better examples of Stenotheca triangu- 
laris than were in hand when this form was described, has led 
the writer to conclude that there are important differences be- 
tween it (and some others described with it) and the typical 
Stenothecze, enough to constitute specific, if not generic differ- 
ences between them, if they were complete organisms; but as 
they are possibly only parts of organisms it is unnecessary to 
make any generic distinction until the general structure is known. 

In the first examples studied it was not observed that the sur- 
face visible was not the outer surface of the test, but the surface 
of the mould of the interior, and the “long cylindrical apex ” 
described and figured is really an internal tube in the apex of 
the cone. 

STENOTHECA TRIANGULARIS. (Plate XIV., figs. 4a and 40.) 

Stenotheca triangularis, Trans. Roy. Soc. Can., vol. ili., pt. 
iv., p. 58, pl. vi., figs. 5 and 5a. 

Stenotheca triangularis, Trans. Roy. Soe. Can., vol. viii., 
pt. iv., pp. 133, 154. 
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Amended Description.—Form conical with an oval base and 
bluntly pointed apex. Viewed laterally the cone has a dorsal 
edge moderately convex, and a ventral edge slightly concave ; 
the base is straight for two-thirds of its length and turned up at 
each end. The orifice of the cone is a flattened oval twice or 
three times as long as wide; the side of the cone is encircled 
by about six undulations of growth which arch upward around 
each end, corresponding to the curving basal margin. The cone 
has in its apex a short, annulated tube, about as long as the space 
between two of the transverse ridges of the surface. The upper 
two-fifths of the cone is thickened, and between this part and 
the base the cone has four perforations along the dorsal slope, 
and there are perforations (four?) also along the ventral slope. 
On the inner surface of the cone there are sharp, engirdling 
grooves corresponding to the rounded ridges on the outside, and 
opposite the dorsal and ventral perforations these grooves, where 
they meet from the opposite sides of the cone on its inside, are 
enlarged into a cup-shaped cavity. 

Sculpture.—The rounded ridges of the surface are each tra- 
versed lengthwise by about six striz, visible only with a lens. 

Size.—Height 44 mm; length of base 5 mm. 
Horizon and Locality.—Fine grey shales of Div. 1 ¢?, at St. 

John and Hanford Brook, St. Martin’s. Infrequent. 
This fossil has a thicker and firmer test than the two preced- 

ing kinds. The perforations recall those seen on the appendages 
of crustaceans as for instance those of Phyllopods, figured by 
Barrande,* and it appears probable that they are the points of 
attachment of mobile spines. Clarke figures a row of such in 
Strobilepis, but not as being connected with the terminal plate. 

STENOTHECA NASUTA. (Plate XIV., figs. 6a and 6b.) 

Stenotheca nasuta, Trans. Roy. Soc. Can., vol. iii., pt. iv., p. 
58, pl. vi., fig. 13. 
Amended description.—Conical, subtriangular in side view, 

with deeply concave ventral slope and convex dorsal slope. 
Orifice of the cone strongly arched. As preserved in the shale 
there isa smooth raised band both on the dorsal and ventral 
slope, that on the former being wider; in the space between are 
about six rounded concentric ridges, parallel to the base. 

Sculpture.—The surface is smooth, or nearly so, except on 
the dorsal band, where a number of faint striz, concentric to 
the apex, are made visible by a lens. 

Size.—Height, about 24 mm.; length of base, 35 mm. 

*Systeme Silurien de Boheme, vol. i., supp., pl. 19, figs. 6, 8, 10, &e. 
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Horizon and Locality.—Fine gray shales of Div. 1 c., at Han- 
ford Brook, St. Martin’s, N. B., Canada. Rare. 

Other examples of this form show the apex to beacute. Bosses 
on the surface indicate that the transverse grooves of the inte- 
rior terminate near the dorsal margin in a cup-shaped enlarge- 
ment similar to that of S.triangularis, but no perforations of 
this margin have been detected. Both the dorsal and ventral 
zones of the shell are thickened, and the concentric ridges scarcely 
show there. 

STENOTHECA Hickstana. (Plate XIV., fig. 3.) 

Stenotheca Hicksiana, Trans. Roy. Soc. Can., vol. iii., pt. iv., 
p. 56, pl. vi., fig. 14. 
Amended description.—Conical, subtriangular, with strongly 

arched convex slope, and a concave slope which is strongly 
curved near the apex, but is straight for the lower two-thirds; 
the base is nearly straight for two-thirds of its length, but 
curves upward toward the convex slope; apex not known. 
The cone is compressed and carries on its side about two ridges 
on the concave side and five on the convex, owing to intercal- 
ation of additional ridges; perforations of the shell opposite 
some of these ridges, on the dorsal line. 

Size.—Height, 3 mm.; length of base, 33 mm. 
Horizon and Locality.—Dark grey shales of Div. 1. d. 1 at 

Porter’s Brook, St. Martin’s N. B., Canada. Rare. 
The comparatively few ridges ally this form with the succeed- 

ing ones. 

CIRRIPODITES n. gen. 

Small calcareous plates of peculiar contour and relief have 
from time to time been found in the beds which carry the 
remains of Eocystites; these plates are of such form that they 
do not appear to be of this genus, and the author has come to 
regard them as the covering plates of one or more species of 
Cirripedes. A symmetrical plate is rare among them, but they 
are usually characterized by one or more low keels with the 
surface somewhat depressed on one side of the keel and elevated 
on the other; many of them also have a deep furrow at one 
side, transverse to the keel. In their thickness and calcareous 
composition they resemble plates of Eocystites, to which some 
of them may belong. 

Complete skeleton unknown. The remains consist of small, 
thick, calcereous plates, usually asymmetrical in form, smooth, 
but having growth lines along the margin. The following are 
the chief variations in form : 



206 TRANSACTIONS OF THE [may 18, 

Type A, Plate XIV., Figs. a and 0. 
Oval plates, usually rather flat, having a strong ridge length- 

wise, and often a more obscure, obliquely transverse ridge. The 
form is not a true oval, and is usually more angulated on one 
side than the other. 

Size.—Length, 6 to 8 mm.; width, 4 to 6 mm. 
Type B, Plate XIV., Figs. ¢ and d. 
Semi-ellipsoid plates. These also are nearly flat and have a 

slight furrow along the straight side. From near the center at 
one side faint furrows radiate toward the rounded margin. Some 
of these plates have two long sides nearly parallel. 

Size.—Length, about 8 mm.; width, about 4 mm. 
Type C, Plate XIV., Figs e to h. 
Roughly semi-circular plates, with or without a flange on the 

straight side. Between the flange and the body of the plate is 
a deep furrow; body of the plate elevated and having an umbo 
which overhangs the furrow and from which a low ridge extends 
toward the rounded, often emarginate or obtusely pointed oppo- 
site margin. Usually the plate is depressed on one side of the 
keel and eleyated on the other, and there are sometimes obscure 
subsidiary ridges radiating from the main keel or ridge. The 
flange is usually wider at the sides, and reflected backward, or 
emarginated in the middle. These resemble the peripheral plates 
of Trochocystites, Barrande. 

Size.—Length, parallel to the furrow,5 to 8 mm.; width, 3 
to 5 mm. 

Type D, Plate XIV., Fig. 7. 
Ovate plates with pointed end. These have a distinct furrow 

along the axial line; they are convex all around, and have a 
short ridge inside near the apex. 

Size—Length, 6 mm.; width,5 mm. Rare. 
Type E, Plate XIV., Fig. k. 
Triangular plate rather flat, having ridges diverging toward the 

rounded corners ; ridges increasing in width and more prominent 
toward the outer ends. This plate may belong to a Cystidian. 

Size.—Length and width, 5 mm. Rare. 
Type F, Plate XIV., Figs. 1 and m. 
Sub-triangular plates, rather flat, with curved margins, one 

concave and the other convex. An arched furrow, nearer one 
margin than the other, traverses them.— Cirripodites cambrensis. 

Type G, Plate XIV., Fig. n. 
Triangular plates of high relief, sometimes showing facets of 

contact on the sides next the pointed end. One side of the plate 
rounded. 

Size.—Length, 4 to 5 mm.; width, 3 to 4 mm. 
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Sculpture.—All these forms of plates, except for the keels and 
furrows described, have a comparatively smooth surface, there 
being only obscure lines of growth, and these not usually seen 
except toward the edges of the plates, and to these edges the 
lines are parallel. 

Horizon and Locality.—Gray shales of Div. 1 ¢ at St. John 
and Hanford Brook, St. Martin’s. Somewhat rare. 

The reference of these plates to Cirripedes is largely a matter 
of conjecture. As oval and circular plates have been found to 
occur along the dorsum of several genera of fossil Cirripedes 
plates of the type L and D may have had such a position, those 
of type B are evidently lateral, though the elongated form is 
unusual. Plates of the type Care more plentiful than the others 
and have the appearance of overlapping lateral plates. I have 
seen plates from the crown and lateral edges of a Trochocystites 
that resemble these, with similar flange and furrow. Plates of the 
type £ more nearly resemble the opercular armature of modern 
Cirripedes, and seem to be the representatives in the old rocks of 
the conical plates of Plumulites,* and are perhaps scutal plates, 
while the type @ is analagous to the laterals of such a genus as 
Sealpellum.+ The longitudinal curved ridge of type Ff’ is com- 
parable to those figured by Barrande. Hall and J. M. Clarke.{ 

The broad sub-semicircular or subtrapezohedral form of many 
of these plates may seem unusual, but is not without a prece- 
dent in extinct genera, as Archzolepas and Loricula, which have 
rows of similar broad plates on the peduncle.§ 

In the shales which contain Plumulites Manuelensis at Man- 
uel Brook, Newfoundland, are casts of calcareous plates which 
are similar to the above, thus resembling the coronal plates of 
‘Trochocystites ; but they are different in form from those of the 
Eteminicus zone at St. John; the commonest form has a very 
heavy keel or furrow and is truncated at each end. ‘The mate- 
rial is insufficient to determine the nature of these plates, which 
are sparsely scattered over layers in which Microdiscus punc- 
tatus abounds. 

TRILOBITA. 

AGnostus, Brongniart. 

This is the most aberrant of all the primordeal trilobites of 
common occurrence, and the most difficult to associate with the 

*Syst. Silur. Bohem., vol. i., Supp. pl. 20, figs. 7,8 and9 6. Pal. N. York, vol. vii., 
pl. xxxvi., figs. 1 and 3. 

+Traité de Paleontologie, Zittel & Barrois, tome ii., p. 536. 
tSyst. Silur. Bohem. vol. i., Supp. pl. 20, figs. 22, 1 a and 5b; also Pal. N. Y., vol. 

vii., pl. xxxvi., figs. 10, 11 and 16. 
2 Traité de Palzeontologie, Zittel and Barrois, p. 533 and 534. 
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others by features held in common. The abortion of the pos- 
terior lobe of the glabella, the absence of the occipital ring, the 
immutable number of two joints in the thorax, all show the 
divergence from the common type; and also there is seldom 
seen on an Agnostus the proof of that development and ex- 
pansion of the pygidium which can be traced in the moulding of 
the surface of this shield in most other primordeal trilobites. 

Nevertheless there are some indications of a closer resem- 
blance between Agnostus and its allies in the earlier stages of 
growth than appear in the adult trilobite. Owing to the min- 
uteness of the shield in the young of this genera, it is difficult to 
make out the outline and contour of the test in the early stages ; 
but it may be said that the pygidium is proportionately broader 
and both the marginal fold and furrow wider than is found to 
be the case at a later period; in the early larval stages it thus 
approximates more in form ard contour to other trilobites than 
at a later period. 
By comparing different species of Agnostus, and by a close 

examination of the surface features of the tests, we arrive at a 
few indications of the process by which this peculiar self-con- 
tained genus has been developed. 

To look at some Agnosti (e. g. Regii*) one would hardly 
suspect that there are more than two lobes in the glabella, bet 
on examining others (Fallaces and Longifrontes) it will be seen 
that there has been an abortion of the true posterior lobe (called 
‘“‘ basal lobes”), so that in the Regii it has become a mere ridge. 
The so-called posterior lobe of the glabella is also itself in some 
species seen to be indented by two pairs of furrows; hence 
there are normally five lobes in the glabella. 

The abortion of the true posterior lobes of the glabella (the 
‘basal lobes’) is the fixation of an early larval condition in 
Agnostus. This lobe in Agnostus never becomes an integral 
part of the glabella, but consists of two small triangular lobes 
(sometimes nearly obsolete) below the level of the glabella and 
connected behind it by a narrow thread-like ridge. The trian- 
cular form of these lobes is not embryonic, it shows a larval 
development up to a certain point; but its sub-ordination to 
the glabella and its separation from it, is evidence of subse- 
quent arrest of growth. 

The suppression of the occipital ring reduces the cephalic 
somites in Agnostus to five, which is the complete number in 
many trilobites which have this ring. In most species of 
Agnostus the occipital ring is not recognizable, hence the first 

*The several sections into which the genus Agnostus has been divided by Tullberg 
are described at page 204. 
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joint of the rachis has no protecting cover, except in so far 
as the attenuated posterior lobe (basal lobes) of the glabella 

“may assume that office, an unusual condition with trilobites. 
A. regulus is the only species known to me that has an occipital 
ring. 

Agnostus is the sole genus among the early Cambrian trilo- 
bites, except Microdiscus, in which the pleural groove runs for- 
ward in going outward toward the extremity of the pleura, and 
in association with this we find the point of the pleura in most 
Agnosti turned forward,* this is especially plain in Longi- 
frontes. In Fallaces the pleural groove on the posterior seg- 
ment lies along the front of the pleura, but on the anterior 
segment at the back; hence the pleura in this group is inflated 
in the middle and tubercle-like; on the anterior segment there 
are really two grooves, of which the anterior affords an inter- 
locking edge with the marginal fold of the head shield when the 
body if folded together. 

The long pygidium of an Agnostus assures us that this part 
has undergone very considerable changes from the early larval 
moults, but the proof is not often apparent; an examination of 
the tests of two species (A. Acadicus var. declivis and A. 
Nathorstt) give an inkling of the way in which the changes have 
ome about—those which resulted in the three-lobed rachis of the 
early Agnosti. 

In A. Nathorsti and other Lonigifrontes the attenuated and de- 
pressed end of the rachis is the original pygidium, the front of 
this part is marked by a minute tubercle (to be found only in 
well preserved tests); in a rare example of the pygidium of de- 
clivis three pairs of scars behind this tubercle point out the 
existence of three somites here; two pairs of scars in front of 
this little tubercle indicate the presence of two more somites, 
which complete the posterior lobe of the rachis; these two som- 
ites swell out to greater width and height than those behind ; 
the anterior of these two somites is also sometimes further 
marked off by a pair of furrows, one on each side of the rachis 
corresponding to the oblique furrow on each side of the anterior 
lobe of the adult rachis; in Regii these furrows are so strongly 
developed that this somite was counted by Barrande as a part 
of the middle lobe of the rachis. The middle lobe and the 
anterior lobe of the rachis form another enlarged pair of 
somites with a tubercle or spine at the back, and correspond to 
the two front somites of the posterior lobe. 
We thus see that by its pygidium Agnostus shows three stages 
*An exception to this almost universal rule is A. granulatus Barr., but it is one of 

the few Agnosti that have genal spines. 
NotTe—204 of last line p. 208, should be 210. 
TRANSACTIONS N. Y. ACAD. SCI., XY., Sig. 11, August 14, 1896. 



210 TRANSACTIONS OF THE [may 18, 

of development: 1. The early larval stage—non-agnostiform— 
when it possessed about 1-3 somites ; 2. The later larval stage 
—agnostiform—when it had about 4-5 somites; 3. The adult 
condition, when it had about 6—T somites, and the three main 
lobes of the rachis were developed with 4—5 somites in the pos- 
terior of the three. 

The above remarks are based wholly upon the three types of 
Agnosti that appeared in Europe and America simultaneously 
in the first sub-fauna of Paradoxides. Tous the special features 
of the other two sections of the genus are of less moment, as 
they appear to be simply a progressive effacement of those that 
are found in the earlier types; and it is in accordance with this 
that they appeared later in time, the Parvifrontes in the third 
sub-fauna of Paradoxides, the Leevigati scarcely before the fourth, 
while these latter culminated in the sixth, seeing that the beds 
are called the zone of Agnostus levigatus. 

In these later types of the Paradoxides beds both the glabella 
and the rachis are effaced, so that scarcely any means remain of 
distinguishing the heads from the tails in these smooth tests. 
Nevertheless it is not such aberrant types that carry on the 
genus Agnostus to a later time, but modifications, more direct, 
of the primitive types; for though the Regii disappeared from 
the stage of life in the early Cambrian time, Fallaces and Longi- 
frontes survived in the Ordovician seas, and the former lived on 
to its close. Thus this type which was the most abundant when 
the Agnosti appeared in the seas of Sweden, Wales and eastern 
Canada was the last to disappear when the genus was finally ex- 
tinguished at the close of Ordovician time. 

Tullberg, in his classical memoir on the genus Agnostus,* 
divides it into four groups, distinguished by well marked and 
easily recognized characters.+ The arrangement is such as to 
greatly aid in determining the species of this large genus, so 
characteristic of all parts “of the Cambrian from the ‘Olenellus 
zone upward. ‘The greatest development of the genus is in the 
Paradoxides zone, and especially the upper part. 

The following are Tullberg’s sections : 
Longifrontes. ‘ Distinguished by a manifest extension of the 

glabella and rachis, which commonly is rather long. Test some- 
times smooth, sometimes the cheeks are furrowed, sometimes the 
test both on the cheeks and pygidium is studded with elevated 
points. The we fold is cenerally narrow. The cheeks in 

*Om Mionuaians arterna i de Cambriska aflagringarne vid Andrarum. S. A. Tullberg, 
Stockholm, 1880. 

+It may also with propriety be divided into five sections as the Limbati contains 
two very distinct types. 
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front of the glabella and the side-lobes behind the rachis of the 
pygidium are divided by an indented line.”* 

This group, both in Sweden and eastern Canada, was one of the 
first to appear, and it proved also to be one of the most persist- 
ent. The following species and varieties may be referred to it : 

Agnostus obtusilobus. 
A Davidis, Hicks. 
A —— gibbus, Linrs. 
A —— var. partitus. 
A —— var. acutilobus. 
A —— Nathorsti, Brogg. and var. confluens, n. var. 
A fissus, Lundg., and var. trifissus, n. var. 
A punctuosus, Ang. 
Limbati. 'Tullberg divides this group into two sections, viz., 

Regii, of which A. rex, Barr, is the type, and Fallaces, with P. 
fallax, Linrs., as the type. Both sections are old, being found 
in the earliest Paradoxides beds both in Europe and America. 
This group (Limbati) has the following characters: “ A shield 
which is generally more quadrate in form than the Longifrontes; 
the head shield has a broader marginal fold; the basal lebes of 
the glabella are more prominent ; the cheeks in front of the gla- 
bella are not separated by a furrow, and they are smooth, and 
the pygidium commonly has a pair of spines at the back margin.” 

“The section Regii is distinguished by its broad marginal 
fold, by the reduced cheeks and reduced side lobes of the 
pygidium ; also the glabella, especially at the front part, is 
broad, and the third joint of the rachis of the pygidium is 
shortened.” 

The Regii have been found in America in the first and third 
sub-faunas of the Paradoxides zone. Only two species are 
known. 

Agnostus regulus, and 
A - Rex, Barr., var. transectus n. var. 
The section Fallaces has the following characters : “ The head 

shield is smaller, the marginal fold not so broad, the cheeks are 
larger, the basal lobes of the glabella rather large, and the third 
joint of the rachis of the pygidium is the largest.” 

The following species are found in eastern Canada and New- 
foundland : 

Agnostus fallax, Linrs., var. vir. 
 ——_ var. concinnus. 
jG var. trilobatus n. var. 
A, — Acadicus, Hartt. 
A var. declivis. 

* The last character is not constant as regards the pygidium.—G. F. M. 
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Parvifrontes. ‘This group is distinguished by the incom- 
plete development of the glabella, which is not divided into 
lobes.” 

In eastern America this group appears first with the Abenacus 
sub-fauna, and has the following species : 

Agnostus parvifrons. 
SS vat besselia: 
A ———___ —_____—__ var. truncatus. 
A ——— umbo. 
Levigati. “ This group is distinguished by the more or less 

complete effacement of the glabella and the rachis of the pygi- 
dium.* The test is always smooth and shining, sometimes with 
traces of furrows. The marginal fold has a tendency to disap- 
pear from the head shield, but becomes broad on the pygidium.” — 

The group has been found in the Paradoxides beds of America, 
chiefly in those of Newfoundland. It comes in freely with the 
Davidis sub-fauna. 

The following species occur : 
Agnostus lavigatus, Dalm., var. terranovicus n. var. 
A var. ciceroides n. var. 

Ages var. mammilla n. var. 

CA nudus Beyr. 
In describing the following species the author has not followed 

Tullberg’s arrangement entirely, because he has found Longi- 
frontes rare in the first sub-fauna, their great development was 
in the third, fourth and fifth sub-faunas. On the other hand, 
the Regii appear to have been verging towards extinction, as in 
America they disappear with the advent of the Abenacus (third) 
sub-fauna. The arrangement adopted is Regii, Fallaces, Brevi- 
frontes, Longifrontes, Leevigati. 

The Agnosti of the American Paradoxides beds have a definite 
order of succession, corresponding nearly to that observed in 
those of Europe, viz.: 

In the P. lamellutus sub-zone are the following: Regii. A. 
regulus—fallaces. <A. fallax,and var. vir.,and var. trilobatus— 
Longifrontes. A. gibbus and var. partitus. 

In the P. Eteminicus sub-zone.—Vfallaces. <A. fallax and A. 
Acadicus. 

In the P. Abenacus sub-zone.—Regii. A. rex var. transectus 
—Fallaces. A fallax var. concinnus. A. Acadicus var. de- 
clivis—Parvifrontes. A. parvifrons and var. tessella and var. 
truncatus and A. umbo—JLongifrontes. A. obtusilobus. A. 
gibbus var. acutilobus, A. Natborsti and var. confluens, A. 
fissus and var. 3-fissus. 

*This last (the effacement of the rachis) is not a constant feature. 
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In the P. Davidis sub-zone.—Fallaces A. Acadicus var. de- 
clivus—Parvifrontes. A. parvifrons—Longifrontes. A. Davidis, 
A. fissus, var. trifissus, A. punctuosus—Levigati. A. levigatus 
var terranovicus, var. ciceroides and var. mammilla, A. nudus. 

AGNOSTUS REGULUS. (Plate XVLI., figs. la, b and c.) 

Agnostus regulus. Trans. Roy. Soc. Can., vol. iii., pt. iv., 
p. 67, pl. vii., figs. 1 a—c. 
Amended Description.—Body elongate-elliptical, with straight 

sides and semi-circular ends. 
Cephalic shield elongate, semi-elliptical: posterior contour 

broken by the projecting glabella and narrow occipital ring. 
Width and length of the head shield nearly equal. Dorsal fur- 
row distinctly but not deeply impressed. Marginal furrow and 
fold are sharply defined, and the latter diminishes toward the 
posterior angles of the shield. 

Glabella large, consisting of two lobes; the anterior semicir- 
cular, wider than the posterior lobe, elevated above the general 
contour of the surface, and in some examples undulate with 
broad furrows, spreading from the back of the lobe; posterior 
lobe flattened-cylindrical, with a broad, faint transverse furrow, 
one-third from the front, interrupted at the summit of the gla- 
bella by a small tubercle, elongated on the line of the axis. 
Basal lobes obsolete, being merged in the posterior marginal 
fold. Occipital ring minute, narrowly lenticular, concealed be- 
low the projecting obtusely angular end of the glabella. The 
cheeks are narrowed in the middle, there being a crescent-shaped 
limb in front of the anterior lobe of the glabella, and a broad 
rectangular limb on each side of the posterior lobe of the gla- 
bella. 

The thorax consists of two segments ; the anterior subarcuate 
and marked by five lobes that are bounded by furrows radiating 
backward; the inner pair of lobes are larger than the outer. 
The posterior segment of the thorax is unknown. 

The pygidium is elliptical, with straight sides, and is trun- 
cated in front of the side lobes; it is widest at the anterior 
angles. The rachis is large, high, obtusely clavate, constricted 
in the middle, and divided into three lobes; the anterior lobe is 
narrow, especially in the middle; the middle lobe is short and 
sublenticular in form and bears an elongated ridge like tubercle 
on the apial line that projects backward across the anterior seg- 
ment of the third lobe; the third lobe is subpentagonal in form 
and has a pair of side furrows in the widest part. The lateral 
lobes of the pygidium are narrowed opposite the posterior part 
of the rachis and meet behind it. 
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Size.—Length, 6 mm.; width, 2} mm. 
Horizon and Locality.—Found in the fine gray shales of Div. 

1 ¢! at St. John and at Porter’s and Hanford Brook, St. Mar- 
tin’s, N. B., but nowhere plentiful. 

This little species is remarkable for the large size of the gla- 
bella and the rachis; in these features and in the expanded an- 
terior end of the glabella it resembles A. rex, Barr. and A. regius, 
Sjogr., but there are no raised lobes on the cheeks similar to 
those species,and the proportions of the glabella, etc., differ. It 
is nearest the latter species. 

AGNOSTUS REX, Barr, var. TRANSECTUS 0. var. pl., xvi., fig. 2. 

This form differs from the type as described and figured by 
Tullberg in having the first and second segment divided com- 
pletely ; for there is no continuous ridge on the rachis from the 
front to the middle of the shield, as in the type; but the ridge 
arises toward the back of the middle lobe, and thence stretches 
nearly across the anterior segment of the posterior lobe. 

It also differs from the type in the proportionately longer 
rachis, and in the narrowness of the raised area which encloses 

the end of the rachis; here the rachis almost touches the flat- 
tened band which runs around the shield within the margin. 

Size.—Length of pygidium, 64 mm; width, 6 mm. 
Horizon and locality.—Dark gray shales of Div. 1 d!, at Por- 

ter’s Brook, St. Martin’s. Rare. 

AGNosTUs FALLAX, Linrs. pl. xv., figs. 8a and b. 

Agnostus fallax Linrs. Om Vestergot. Cambr. och Silur- 
aflagr., p. 81, tab. ii., figs. 54, 55. 

Agnostus fallax, Brogger, Om. Paradoxid. skifr. ved. Krekling, 
Nyt. Mag., Christiania, 1878, p. 64, tab. vi., fig. 1, 1 a. 

Agnostus fallax, Linrs. Om. faun. i lagr. med Paradox. land. 
Geolog. forenin, Stockholm, 1877, p. 371, pl. 15, fig. 7. 

Agnostus fallax, Tullb. Om Agnostus arterna, p. 31, pl. ii., 
fig. 22. 

The following is Linnarsson’s description of this species: 
“Test smooth. Head-shield subquadrate, surrounded by a 

wide margin glabella bilobed, anterior lobe broad, posterior 
lobe with an indentation on each side in front of the middle, 
furnished with an elevated point behind the middle. Basal lobes 
large triangular. Cheeks confluent in front of the glabella. 
Pygidium subquadrate, surrounded by a marginal fold which 
is broader behind and bidentate. Rachis scarcely three-jointed, 
the first joint with obsolete lateral tubercles, middle joint orna- 
mented with an elevated point.” 
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The typical form is described as “ Rachis of the pygidium 
long, nearly reaching the margin, lateral lobes greatly narrowed 
behind, scarcely meeting behind the rachis, marginal fold moder- 
ately broad.” 

Size.—Length and breadth of the shield, 3-4 mm. 
There is so much difference in the tests which are referred to 

A. fallax by Swedish geologists that I am constrained to admit 
that the form I have described as A. vir can be included as a 
variety under it, and it is here so described; it is in fact nearer 
the typical form than A. fallax, var. ferox, Tullb. 

Development of the young.—Several small heads and tails 
of the following variety of this species show important differ- 
ences from the adult. The head when of the length of 4 mm. 
shows a narrow, cylindrical glabella, divided into four lobes by 
furrows indenting the sides; the first furrow crosses, but is 

shallow in the middle, the second is less distinct, the third is 
fainter still; the basal lobes cannot be seen. When the head 
has grown to the length of 1 mm. the anterior furrow alone is 
distinct, and the glabella is much as in the adult. 

The pygidium in the larva of this size (1 mm. long ) is pro- 
portionately shorter and the rachis more prominent than in the 
adult, and the marginal fold and cusps are quite distinct; three 
transverse undulations divide the rachis into four somites ; 
these divisions except remnants of the anterior one disappear 
in the adult, as does also a minute spine at the back of the third 
lobe from the front. The embryonic pygidium is indicated by 
the low and weak part of the rachis behind the small spine 
visible on this tailpiece. 
An example 1} mm. long of the pygidium of this variety 

bears four cusps at the posterior border, but this extra armament 

is rare; it may be compared with var tricuspis found by 
Brogger in the Paradoxides bed of Krekling, in Norway,* 
which has a central cusp between the two usually found. 

Agnostus similis Hartt, which Walcott makes a synonym of 
A. Acadicus might belong here but for its want of spines on 
the caudal shield. 

War. Vin._pl. xv., iio. 6; 

Agnostus vir. Trans. Roy. Soc. Can., vol. iii., pt. iv., p. 69, 
pl. vili. fig. 3. 

2 Agnostus similis, Hartt, Acad. Geol., 2d ed., p. 606. 
This is a larger form than the type, and differs in the more 

conical glabella, with the spine set further forward, in the com- 

*On Paradoxidesskifrene ved Krekling, p. 87, Tab. vi., fig. la. 
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paratively smooth ring of the posterior joint of the thorax, and 
in the absence of segmentation in the rachis of the pygidium. 

Size.—Length, 12 mm; width, 5 mm. 
Horizon and locality.—This variety has been found only at 

St. John in Div. 1 c!. The typical fallax occurred here also, 
but is more common at Hanford Brook in Div. 1 c?. 

Var. CONCINNUS. pl. xv., figs. Ja to ec. 

Agnostus vir. var, concinnus, Trans. Roy. Soc. Can. vol. iii., 
pt. iv., p. 70, pl. vii., figs. 4a to ce. 

This form presents the following differences from var. vir.: 
The glabella is more cylindrical, is proportionately longer and 
the cross-furrow is directly transverse. In the thorax the last 
segment carries five distinct lobes, the middle lobes being seg- 
mented. In the pygidium at the anterior end of the rachis, a 
small triangular lobe is faintly defined on each side. This va- 
riety is smaller than in the type. 

Size.—Length, about 9 mm; width, 35 mm.; cephalic shield, 
4x3} mm. 

Horizon and Locality.—The fine dark gray shales of Div 1 d! 
at Porter’s Brook, St. Martin’s, ete. 

Development of the Young.—Both the head shield and pygi- 
dium of the } mm. size have been found in this form. The front 
furrow of the glabella is more distinct than in the preceding 
variety, and the basal lobes are scarcely visible. At 14 mm. 
some heads develop a short furrow from each front corner of 
the glabella, running forward; this furrow is sometimes seen in 
the adult of A. fissus. A head shield 34 mm. has three furrows 
of this kind; one median. 

The pygidium of 4 mm. size already has the marginal fold 
and furrow distinct, but the furrow is not widened backward, 
though the fold is and is cuspidate. The rachis is prominent, 
except behind, and the front lobe is marked off by a shallow 
furrow ; the width of the second lobe is defined by the long axial 
tubercle; behind it isa third lobe, not defined by any furrow, 
weak and at the end sinking below the level of the cheeks, which 
meet and are wide behind it. In this small pygidium there is 
no fourth lobe in the rachis, but this is developed in the 1} mm. 
shield, which differs little from that of var. vir of the same size, 
except that the posterior tubercle has not been observed. 

Var. TRILOBATUS. pl. xv., fig. 9. 

Agnostus partitus (supposed pygidium). Trans. Roy. Soc. 
Can. vol. iii., p. 68, pl. vii, fig. 20. 
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A head shield associated with this pygidium does not differ 
from the type of A. fallax, but the pygidium does. 

Pygidium quadrate, somewhat wider than long, marginal fold 
and furrow sharply defined in front, wide at the sides and with 
strong spines. Rachis trilobed by two strong transverse furrows, 
which are deeply cut in the middle and also at the extremities 
with a shallower space between ; the anterior lobe is narrow with 
lateral tubercles, middle lobe crossed by a strong keel-like 
tubercle, posterior lobe having a somite about as wide as the 
middle lobe, marked off at the front by a shallow furrow, not 
always distinguishable. 

Size.—Length of the caudal shield, about 3 mm. 
Horizon and Locality.—Fine grey shales of Div. 1 ¢.1. St. 

John. Scarce. 
This pygidium is of considerable interest because it represents 

in the adult condition a larval phase of Agnostus. It is instruc- 
tive to compare it with the 1 mm. larval form of A. fallax (type) 
(pl. xv., fig. 8b) which shows a similarly, but more imperfectly 

. segmented rachis. This pygidium is the only one of the Fallax 
section which is distinctly segmented ; it thus expresses a con- 
dition of that shield quite common in the Longifrontes, and 
partly for that reason was at first thought to be the caudal 
shield of A. partitus; the general facies however, is that of a 
Fallax. 

AGnostus Acapicus Hartt. pl. xv., figs. 10a and b. 

Agnostus Acadicus Hartt. Acad. Geol. 2d ed. p. 665, fig. 229, 
U.S. Geol. Surv. Bull. 10 p. 22, pl. ii., figs. 2a, band c. Trans. 
Roy. Soc. Can. vol. iii., p. 70, pl. vii , figs. 5@ and b. 
Head minute, transversely elliptical, or subcirecular, breadth 

and length about equal, convex but very depressed, outlines in 
front and on the sides slightly straightened. A narrow, flat- 
tened and but very slightly elevated border goes round the 
front and lateral margins. This is separated from the rest of 
the shield by a narrow, shallow, flat space, or groove, which on 
going posteriorly along the lateral margins loses gradually in 
width towards the posterior angles of the shield, which are 
rounded. Glabella a little less than two-thirds of the length of 
the shield, long elliptical, depressed convex, but more elevated 
than other parts of the shield, about twice as long as broad, 
bounded anteriorly and laterally by a sharp but rather deep 
groove concentric to the outer one above described. A well 
marked transverse furrow arching backward separates the an- 
terior third of the glabella as a subcircularlobe. Posterior part 
of the glabella rounded, but impressed on each side by a little 
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lobe situated in the angle between the cheek lobe and the gla- 
bella. These little lobes [basal lobes] are about one-quarter of 
the size of the anterior glabellar lobe ; cheeks of the same width 
throughout, and uniting in front of the glabella, being bounded 
by the two concentric grooves above mentioned. Posteriorly 
they are rounded ; in width they are rather greater than the gla- 
bella. They are convex, more elevated along their inner mar- 
gin, but sloping outward roundly and evenly. Glabella with its 
lobes project considerably beyond the posterior margin. Sur- 
face smooth. 

‘‘Pygidium of this species (7) of about the same outline as 
the cephalic shield. The posterior and lateral margins have 
a slight, raised border, separated from the lateral lobes by a 
shallow but well marked groove, running parallel to the margin. 
This groove widens at the point where it bends to go forward 
along the sides in such a way as to encroach on and thin out the 
marginal fold, and just before reaching the anterior margin it _ 
narrows itself from the inner side, so as to cause the lateral 
lobes to widen somewhat anteriorly. These are narrow, flat- 
tened, about half as wide as the middle lobe, narrowing to a 
point just behind the middle lobe, where they do not unite. The 
medial lobe is about five-sixths of the length of the pygidium, 
shield-shaped, flattened, convex, more elev ated than the lateral 
lobe. Its anterior border is slightly concave in the middle. 
The lateral angles are rounded, and the lobe is contracted a 
little anteriorly. It is bounded by two deep and well marked 
furrows, which join one another in the middle of the marginal 
furrow, forming a pointed arch; median lobe projecting farther 
forward than the lateral ones. A little spine is situated on its 
mesial line; about one-fourth of its length from its front, surface 
smooth.” 

Mr. Walcott remarks: ‘After a careful study of all the speci- 
mens in the collection, fifteen in number (Hartt’s collection at 
Cornell University), Iam unable to make ont sufficient differ- 
ence between the form described as A. Acadius and that given 
as A. similis, to establish two species. There is a certain range 
of variation in the specimens, as pointed out by Mr. Hartt, but 
that is so variable and owes its origin so largely to the con- 
ditions of preservation of the various Specimens ‘that it is not 
evident that the two species are typified.” 

After examining much larger collections of the Agnosti of 
Div. 1 ¢ (the horizon of the St. John group from which Prof. 
Hartt’s collections came), than Walcott had under review, I am 
not altogether satisfied with the the above determination, though 
it appears to be the best solution as to the use of Hartt’s names. 
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It appears strange that while A. fallax and its varieties are by 
far the most common Agnosti of that horizon, Hartt should de- 
scribe only spineless pygidia; these I find comparatively rare at 
this horizon, though they become plentiful in Div. 1 d (whose 
fauna Hartt did not have). And then the description of A. 
similis more nearly accords with that of A. fallax than does 
that of A. Acadicus. 

Size.—Length of each shield, 5 mm.; width, 54 mm. 
Horizon and Locality.—Grey shales of Div. 1 ¢ at St. John, 

Radcliff’s stream, ete. 

Var. DECLIVIS. pl. xv., figs. lla to d. 

Agnostus Acadicus var. declivis, Trans. Roy. Soe., Can. vol. 
iiil., p. 70, pl. viii., figs 6a and b. 

This form is closely allied to A. Acadicus, but presents the 
following differences: It has a narrower border foid and smaller 
basal lobes, the glabella has proportionately a longer anterior 
lobe, and the furrow dividing it from the posterior lobe is di- 
rectly transverse; the posterior lobe is strongly elevated, al- 
most tumid behind, and bears a small round tubercle at the 
middle of its length; in front of the tubercle the lobe slopes 
down rapidly to the cross-furrow. 

Differences of equal import are found to exist between the 
pygidia of the two forms. In var. declivis the rachis is cylindro- 
conical, and there are three minute lobes on each margin near 
the anterior end; in A. Acadicus the rachis is more triangular 
in form, and both the head and tail shields are found of a larger 
size than those of the variety. The marginal fold is not quite 
even, but is interrupted not quite half-way to the back of the 
shield by a small, inconspicuous, knob-like spine. A pair of fur- 
rows just in front of the tubercle on the glabella, and snother 
pair a little behind it, both directed slightly backward, slightly 
indent the sides of the glabella. 

The thorax, of two joints, has three lobes on the axis of each 
joint, the mid-lobe being wider, and the side lobes lower on the 
posterior than on the anterior joint ; the pleura have furrows di- 
rected forward; that on the hinder joint is placed on the front 
and that on the interior joint on the back of the pleura. 

This variety has the head of a Fallax with the tail of a Brevi- 
frons (e. g., A. parvifrons Linrs.). 

Development of the young.—Head shield of ? mm. long has 
no visible basal lobes, but otherwise does not differ much from 
the adult. In a head 14 mm. long these lobes become visi- 
ble, but are very narrow and are confluent with the posterior 
marginal fold. 
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The pygidium is more remarkable. One of ? mm. has an oval 
form; the anterior margin is straight and without fold, mar- 
ginal fold around the rest of the shield widening backward. 
Rachis oblanceolate, trilobed by faintly impressed furrows, 
front lobe narrow, middle lobe wide but not tuberculate, side 
lobes with two transverse furrows, the posterior about one-third 
from the front. 

In this individual I conjecture that the anterior of the two 
furrows on the side lobes, will become the anterior marginal fur- 
row of the pygidium, and the posterior a first furrow on the 
side lobe; the pygidium would then agree with a similar stage of 
Microdiscus as regards these lobes, but not as regards the rachis. 

This minute pygidium shows a simpler structure than the 
adult, which, notwithstanding that the rachis is not segmented, 
is sometimes so preserved as to show the number of somites in 
the rachis. Thus the adult caudal shield (see pl. xv., fig. 11d) 
is sometimes well enough preserved to show on the cast of the 
inner surface a row of minute tubercles on each side of the 
rachis (five in number) and two on the axial line; the lateral 
tubercles are placed on the line between the somites, and each 
of the axial tubercles in the middle of a somite; it thus appears 
that the somites are in pairs, one with and the other without an 
axial tubercle. The first and second somites correspond to the 
first and second lobes of a Longifront pygidium, and the re- 
mainder of the axis to the third lobe in the pygidium of an in- 
dividual of that section of Agnostus. Also we observe that 
while in the first larval stage there are only three somites recog- 
nizable in the pygidium, the adult caudal shield has six. 

Agnostus declivis may be compared with the later A. secretus 
Walc., of the Prospect Mountain group, which it resembles in 
general form as well as in having the glabella tumid behind. 
Neither this variety nor the type of A. Acadicus appears to 
have any very near allies among the species of the Paradoxides 
beds of Sweden, known to the author. 

Size—Length, about 7 mm. Width,3 mm. Cephalic shield 
8x35 mm. 

Horizon and Locality.—A bundant in the fine, dark shales of 
Div. 1 d! at Porter’s Brook, St. Martin’s. 

AGNOSTUS PARVIFRONS Linnarsson. 

Agnostus parvifrons Linrs. Om. Vestergotland Cambr. 0. 
Silur. aflagr., p. 82, tafl. 2, fig. 56, 57. 

Agnostus parvifrons Tullb. Om. Agnostus-arterna, p. 34, 
tafl. ii., figs. 26, 27, 28. 
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Test smooth. Head-shield enclosed by a marginal fold that 
is broader in front. Glabella small, round, not lobed. Basal 
lobes small. Cheeks expanded, connected in front of the gla- 
bella; pygidium without spines; marginal fold wider behind ; 
rachis long, almost reaching the border; lobes sometimes obso- 
lete, sometimes apparent; middle joint ornamented with an 
elevated point; lateral lobes narrowed behind, scarcely con- 
tiguous. 

Size.—Length and breadth of each shield, 35-44 mm. 
Horizon and Locality.—Dark gray shales of Div. 1d! at 

Porter’s Brook, St. Martin’s, etc. 
Mr. C. D. Walcott has described a species of Agnostus of the 

parvifrons type found in the Lower Cambrian rocks of Wash- 
ington County, N. Y. Being claimed as a Lower Cambrian (7. 
é., Olenellus Zone) fossil, it is not figured here. The glabella is 
longer than in A. parvifrons. It may be remarked, however, 
that this type of Agnostus is not found elsewhere lower down 
than the P. Abenacus (=tessini) sub-zone. 

A common variety in Canada is the following : 

Var TESSELLA. pl. xvi., figs. a to c. 

Agnostus tessella. Trans. Roy. Soc. Can. vol. iii., pt. iv., p. 
(1, pl. vil., figs. Ta to.c. 

This is a transitional form to the Limbati (Fallaces). It dif- 
fers from the type in having an anterior lobe to the glabella 
faintly defined ; this has no furrow like the posterior lobe, but 
is marked out by a faint thread-like line on the surface of the 
test. The posterior lobe is intermediate in length between the 
two glabellas of A. parvifrons figured by Tullberg, but rect- 
angular in front. The pygidium is similar to fig. 27) of Tull- 
berg’s plate, but the tubercle is elongated, not round as in that 
form; the rachis is wider, and its middle lobe proportionately 
shorter. The marginal fold does not have so great a width be- 
hind. 

Size.—Length and width of the shields each 3 mm. 
Horizon and Locality.—Same as the preceding. 
Development of the Young.—A head shield 4 mm. long is nar- 

row, marginal fold and furrow distinct. Glabella long, front fur- 
row distinct, two others faintly marked by depressions crossing 
the glabella; basal lobes very narrow, scarcely visible.* 

A head 14 mm. has nearly the form of the adult, slight fur- 
rows at the anterior corners of the glabella as in A. /issus var. 

: *This is in accordance with the changes of this lobe in the Ptychoparide in which 
during the first larval satges this somite is very narrow and weak. 
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trifissus. A head 33 mm. shows three fore-furrows of the gla- 
bella as A. trifissus, but no axial furrow of the glabella. 

A pygidium 4mm. long, is wide, subquadrate, marginal fur- 
row distinct, not widened ; fold widened, cuspidate, rachis promi- 
nent, front lobe divided off by a shallow furrow, second lobe de- 
fined only by the axial tubercle, third lobe not defined, weak, 
rapidly descending below the cheek lobes, which are wide be- 
hind the rachis. A pygidium 1} mm. long, is quadrate; the 
third lobe from the front is defined, but the little tubercle is ab- 
sent. Another common variety is the following : 

Var. TRUNCATUS 0. var. ? 

2? Agnostus truncatus Brogg. Om. Paradoxides skifrene ved 
Krekling, p. 72, tab. vi., fig. 8. 

Brégger’s figure, except that it is somewhat more quadrate 
and larger, is not distinguishable from a common variety of A. 
parvifrons that occurs in the St. John group. The variety 
found here does not differ from var. tessella, except that the 
front lobe of the glabella is entirely suppressed, and that the 
individuals are found of larger size. 

Size.—Length and width of each shield, 4 mm. 
Horizon and Locality.—As the preceding. 
Considering these varying forms, we are impressed with the 

justice of Tullberg’s remark that this is a variable species. In 
Agnostus Acadicus of Hartt we may perhaps have an ancestral 
form of this species ; that occurs in the sub-zone of Paradoxides 
Eteminicus; then in the sub-zone of P. Abenacus we find three 
other forms, var. declivis of A. Acadicus, in which the front lobe 
begins to be depressed, var. fessella of A. parvifrons, in which 
the front lobe is traced out on the surface of the head-shield only 
by an impressed line, and not by furrows, and var. truncatus, in 
which the front lobe entirely disappears; finally, one may add 
the typical form of A. parvifrons, in which any suggestion of 
an anterior lobe is removed by the rounding of the front of the 
glabella. It will be noted that there is a resemblance in the 
pygidia of all these forms, and that A. Acadicus differs from 
the typical Fallaces in the absence of marginal spines to the 
pygidium, a feature which it possesses in common with all 
parvifrontes. 

AGNOSTUS UMBO, pl. Xvi., figs. 4a and b. 

Agnostus umbo. Trans. Roy. Soc. Can. vol. iii., pt. iv., p. 
Tl, pl. vii., figs. 8a and b. 
Body elliptical, broader in front than behind, high at the inner 

side of the head and tail shields, descending thence to the front 
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and back. Cephalic shield broadly-transversely elliptical, high 
and contracted behind, sloping from the glabella in all direc- 
tions. Marginal fold and furrow strongly marked. Dorsal fur- 
row deep. Glabella suborbicular, rounded in front and behind, 
bearing a small tubercle on the axial line, one-third from the 
front; the width of the glabella is more than a third of that of 
the shield, and its length nearly half. The thorax is unknown. 
The pygidium is semi-elliptical, with rounded anterior corners ; 
the width is nearly a quarter greater than the length. Both 
dorsal and marginal furrows are deeply impressed. The rachis 
is conical and is greatly elevated above the rest of the shield ; it 
is slightly constricted near the anterior end, and about one-third 
from the front bears a small tubercle. The lateral lobes of the 
pygidium are rounded in at the anterior end by the rapid curve 
of the marginal furrow; and at the posterior end are gradually 
narrowed and are separated at that end by a furrow which con- 
nects the dorsal and marginal furrows. The marginal fold is 
rather wide at the extremity of the pygidium, and is rounded 
at the anterior corners. 

This species is distinguished from A. tessella by the entire ab- 
sence of the anterior lobe of the glabella, and by the round and 
prominent posterior lobe, having a small tubercle in advance of 
the middle of the lobe. The pygidium has a shorter, higher 
and more conical rachis, and the tubercle on it is round, not 
elongated as in A. tessella. 

The head shield of A. parvifrons var. mammillata Brogg re- 
sembles that of this species, but is longer; the rachis also of 
the pygidium is more cylindrical and its tubercle further back 
in Broggers’ variety. 

Size.—Length, 6 mm.? width, 3 mm. 
Horizon and Locality.—In the fine dark shales of Div. 1 d', 

Porter’s Brook, St. Martin’s. First collected by Dr. L. W. 
Bailey. 5 

The following species are classed as Longifrontes, although, 
from the absence of axial furrows, the one which is here first 
described might seem to be not properly placed there; but the 
thin, flexible test, the large basal lobes and the attenuated and 
segmented rachis seem to point to this as the proper place for 
Agnostus obtusilobus, the largest species found in the St. John 
group. 

AGNOSTUS OBTUSILOBUS, pl. xvi., fig. 5. 

Agnostus obtusilobus. Trans. Roy. Soc. Can., vol. iii., pt. iv., 
Poeh2p ple vaio, 9. 
Amended Description.—Body elliptical oblong. Cephalic 
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shield semi-elliptical, about one-quarter wider than long. Dorsal 
furrow faintly impressed. Marginal fold and furrow strongly 
marked. Glabella elliptical-elongate, wider behind, rounded in 
front, in its widest part nearly a third of the width of the 
shield; narrowed at the base by two triangular lobes; a semi- 
elliptical lobe at the anterior end more than one-third of the 
length of the glabella. Occipital ring and posterior marginal 
fold narrow. Cheeks continuous in front of the glabella. Thorax 
of two segments; the anterior segment has five lobes, of which 
the outer pair are globose and the inner pair subtriangular and 
widest in front ; the center lobe is semi-circular, broad behind, 
and bears an elongate traverse tubercle in the middle. The 
posterior segment has three lobes, of which each of the two 
lateral ones is globose, and bears minute tubercles; the central 
lobe is subrectangular elongate, and the middle half is traversed 
by an arched furrow, which begins and terminates on the pos- 
terior margin of the segment. The pygidium is semi-elliptical, 
about one-sixth wider than long, and has the anterior margin 
arched forward. The marginal fold and furrow are about as 
distinct as those of the head shield. The rachis is oblanceolate, 
constricted in the middle, clavate, and pointed behind, about 
one-third longer than wide; it is traversed by two furrows, of 
which the one near the anterior end arches forward, and the 
other, near the middle of the rachis, arches backward. At the 
broadest part of the axial lobe there is transverse depression. 
The first segment of the rachis is narrow and elevated trans- 
versely ; the second segment is elevated lengthwise, having an 
elongated tubercle at the axial line that projects backward on 
the third segment; the third segment is triangular and depressed 
across the middle, and bears a small axial tubercle on the an- 
terior third. 

Sculpture.—The surface of the test in this species has a vel- 
vety appearance, and under the lens is seen to be covered with 
minute granulations, the surface also is rugulose or uneven, and 
the test thin and more apt to be distorted than those of the two 
preceding species. The parts of the body in this and the follow- 
ing Longifrontes are more frequently found connected than are 
those of the preceding species; and while in the species above 
described the two shields are often found doubled together, in 
this and the following species they are frequently spread at 
length. This species resembles A. scarabeoides of the Welsh 
Cambrian rocks, but has a narrower glabella with a more obtuse 
front. 

Length, 11mm. Width, 6 mm. 
Horizon and Locality.—In the fine dark grey shales of Div. 

1 d!, at Porter’s Brook, St. Martin’s. Infrequent. 
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The pygidium of this species may be distinguished from that 
of A. acutilobus in the fact that the tubercle of the second joint 
encroaches so decidedly on the third joint as to make a strong 
sinus in the dividing furrow; also it may be distinguished by 
the proportionately shorter third joint of the pygidium. This 
species appears to have no lateral spines to the pygidium. 

Agnostus Davints, Hicks. Plate xvi., fig. 6. 

Agnostus Davidis, Hicks. Undescribed fossils of the Mene- 
vian group. Jour. Geol. Soc. London, 1872, p. 173, pl. v., figs. 
2 to 4. 

A large pygidium, about the size of that of Hicks’ species 
above named, occurs at Manuel Brook. It is flattened in the 
shale and so its contour is not known. Dr. Hicks’ examples ap- 
pear to have been distorted by pressure; allowing for this our 
example agrees fairly well with the pygidia he figures ; his de- 
scription of the species is as follows: 
“Head rounded and forming about two-thirds of a circle, and 

about 2 of an inch long, surrounded by a narrow border. The 
glabella occupies about one-third of the width, and tapers for. 
ward. It is divided at the base of the anterior third, by a trans 
verse furrow, into an anterior spheroidal lobe and a posterior- 
elongated lobe, the anterior part of which is raised centrally ; 
there is a triangular lobe on either side at the base of the gla- 
bella. Cheeks slightly raised and gibbous. 

Thorax depressed, strongly trilobed ; pleurze grooved deeply 
to the tips. Axis trilobed, the central lobe being largest and 
pyramidal in shape. The two lateral lobes triangular in shape. 

Tail of the same shape as the head, but more strongly mar- 
gined. The axis is large and occupies more than a third of the 
width, reaches backwards to within a short space of the poste- 
rior margin and is indented by three furrows on each side, each 
running obliquely backwards from the centre, which is somewhat 
raised. 

This is the largest species found in the Menevian group. 
Found at St. David’s and near Dolgelly, North Wales.” 

_ In the American examples I cannot recognize the third fur- 
row of the axis of the pygidium mentioned and figured by Dr. 
Hicks, and on the other hand he does not describe a low tubercle 
which is found on the second lobe of the pygidium in this 
American form. See 

Sculpture. The axis and side lobes are covered with minute 

TRANSACTIONS N. Y. ACAD. Scr., Vol. XV., Sig. 15, September 5, 1896. 
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tubercles, only visible with a lens. Size of this caudal shield, 
length and breadth each 9 mm. 

Horizon and Locality. Grey shales of the P. Davidis Zone at 
Manuel Brook, Conception Bay, Newfoundland. 

This species is distinguished from A. scarabeoides, Hicks, by 
the absence of visible tubercles on the surface of the test. 

AGNOSTUS GIBBUS, Linnarsson. 

Agnostus gibbus, Linrs. Om Vestergot. Cambr. Silur. Aflagr. 
p. 81, tab. ii., figs. 52, 53. 

Agnostus gibbus, Broegg. Om Paradox, lagr. v. Krekling, tab. 
Vin, fe. a 

Agnostus gibbus, Linrs. Om faun. i Kalk.m. Conocoryphe ex- 
sulens, p. 22, tafl. ii. figs. 31,32. 

Agnostus gibbus, Tullb. Om Agnostus-arterna, p. 15, tafl. i., 
fig. 2,a and b. : 

The following is the diagnosis of this species: ‘ Test smooth. 
Head surrounded by a narrow subfiliform border. Glabella 2- 
lobed, anterior lobe rounded-subtriangular, equalling the poste- 
rior lobe in width, posterior lobe elevated into a tubercle, often 
very tumid, in the anterior part of which tubercle an elevated 
point can sometimes be seen. Basal lobes small, entire, rounded 
triangular, connecting behind the above tubercle by a narrow 
rim. Cheeks without lateral grooves, separated in front of the 
glabella by an impressed line. Pygidium rounded, without 
spines, and having a narrow border fold. Rachis 3-jointed, the 
anterior joint divided. into three parts by two longitudinal de- 
pressions, of which the middle is the smallest ; the middle joint 
narrower than the others, but much higher, produced backward 
into a rather long, free denticle which almost always is broken off; 
the posterior lobe large, convex, rounded-acuminate behind, Lat- 
eral lobes narrowed behind, separated by an impressed line.” 

Horizon and Locality.—Grey shale of Div. 1c¢.1. St. John, 
N.B. Canada. Scarce. 

Size.—Length and width of the shields, 5 mm. 
Tullberg says the name is derived from the projecting spine 

on the rachis of pygidium, “directed backward and upward” 
[but the back of the glabella is said to be very tumid (“ tumi- 
dissimum”’) ]. 

The varieties and forms included under this species by Swedish 
geologists allow one to consider it a flexible species, liable to 
considerable change of form. It is thus capable of including 
two forms which we have described in the Transactions of the 
Royal Society of Canada as separate species; there is the more 
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reason for this since we have discovered that the pygidium re- 
ferred provisionally to one of these forms (A. partitus) is of a 
different type from the usual pygidium of a Longifrontes, and 
therefore should be referred elsewhere; we have consequently 
included under this species, A. partitus and A. acutilobus. 

Var. PARTITUS. Plate xvi., fig. 7. 

Agnostus partitus. ‘lrans. Roy. Soc. Can., vol. ili., pt. iv., p. 
68, pl. viii., fig. 2a (mot 2b). 

Cephalic shield elongate semi-elliptical. Dorsal furrow dis- 
tinctly impressed; marginal fold sharp and narrow. Glabella 
cylindro-conical, obtusely pointed in front, expanded at the 
base; anterior lobe obtusely pointed, less than a third of the 
glabella’s whole length ; posterior lobe strongly elevated and 
obtusely pointed behind; basal lobes triangular, depressed to 
the level of the cheeks. Cheeks somewhat narrower in front 
than at the sides ; divided in front by a distinct furrow that con- 
nects the dorsal and marginal furrows. 

The heads of this variety are hardly distinguishable in form 
from the next, but they are all small, and it is found with an 
older subfauna; it is therefore kept separate. The pygidium is 
unknown. 

Size.—Length and width of the head shield 24 mm. 
Horizon and Locality.—The grey shales of Div. 1 c¢, 1, at 

Porter’s Brook and Hanford Brook, St. Martins, N. B., Canada. 
Infrequent. 

Var. AcuTILoBus. Plate xvi., fig. 8. 

Agnostus acutilobus, Trans. Roy. Soc. Can., vol. iii., pt. iv., p. 
i2a plevil., fies LO. 
Body elliptical elongate. Cephalic shield semi-elliptical, 

somewhat longer than wide. Dorsal furrow lightly impressed. 
Marginal furrow and fold sharply defined. Glabella subconical, 
widest behind, obtusely pointed in front; at the widest part of 
the posterior lobe it is one-third of the width of the head shield, 
and its length is about three-fourths of that of the head shield ; 
the glabella is divided into four lobes, of which the anterior is 
one-third of its length and is subtriangular; the posterior lobe 
extends to the base of the shield. It bears an elongated ridge 
on the anterior half, where it is higher than it is behind ; two 
faintly marked lateral furrows are just discernible on the lateral 
edges of this lobe. The two basal lobes of the glabella are com- 
paratively large; they are divided from the rest of the glabella 
by a sigmoid furrow, and are depressed below the level of the 
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elabella. The occipital ring is narrow, and is concealed beneath 
the projecting posterior extremity of the glabella. The cheeks 
are somewhat full, especially in front, and are divided by a fur- 
row that connects the dorsal and marginal furrows, and each 
cheek is seamed across by a fainter furrow. 

The thorax consists of two segments, of which the first bears 
five lobes; the two outer pairs of these lobes are globose, and 
the central one is semicircular and is crossed in the middle by a 
light furrow transverse to the axis of the thorax. The second 
segment of the thorax has three lobes, of which the two outer 
are somewhat elongate, and each is marked by a light furrow ; 
the central lobe is subrectangular, and is traversed by a fur- 
row angulated on each side of the axis of the thorax, and begin- 
ning and terminating on the posterior side of the lobe. 

The pygidium is subelliptical, and its width and length are 
about equal. The marginal fold and furrow are about as distinct 
as those of the head shield. The rachis is oblanceolate, nearly 
half as wide as the pygidium, and its length is about four-fifths 
of that of the pygidium ; it is narrowed in the anterior third, and 
is crossed in that part by two transverse furrows similar in ap- 
pearance and direction to those of the preceding variety. The 
included lobe bears an elongated tubercle ; the posterior lobe of 
the rachis is conical. The lateral lobes of the pygidium are 
moderately elevated and meet behind the rachis. 

Sculpture.—This variety appears to be smooth externally, but 
sometimes shows a granulated inner surface to the test; by its 
smoothness it is distinguished from the other Longifrontes that 
occur with it. 

Size.—Length, 13 mm. Width, 5 mm. 
Horizon and Locality.—Frequent in the fine dark shales of 

Div. 1d, 1. At Porter’s Brook, St. Martin’s, N. B. 
This variety differs from the type of A. gibbus in its narrower 

rachis and the peculiar second lobe of the pygidium. It is the 
most widely diffused of the Longifrontes in the St. John group. 

f Var. 

A few pygidia which by their general form, and in the lobation 
and contour of the rachis, appear to be of this species are found 
with the above form, but they are spined on the margins. We 
do not know the head shield. 

Dr. Henry Hicks’ description of A. scutalis of the Menevian 
group in Wales agrees closely with that of A. gibbus, except 
that the cheeks of the head-shields, and the side lobes of the 
caudal shield are said to be covered with tubercles. This ex- 
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cludes Hicks’ species from A. gibbus, but not from A. punctuosus 
which is thus ornamented; the latter species, however, has con- 
fluent side-lobes to the caudal shield, while in A. scutalis these 
lobes are divided by a furrow. A. Nathorsti is another species that 
is tuberculate on the sides, and is also nearer the size of A. scuta- 
lis, but this species has the sides of the posterior lobe of the 
glabella furrowed, and has marginal spines to the pygidium, 
characters which are absent from A. scutalis; so we find our- 
selves unable to recognize Hicks’ species in the P. Davidis sub- 
fauna of America.* 

A«nostus Natuorst1, Broegger. 

Agnostus Nathorsti, Broegg. Om Paradoxides skifrene red 
Krekling, p. 68, pl. v., fig. 1. 

Agnostus exsculptus, Ang. part (7. e., “ pygidium”) Palzon- 
tologia Scandinavica, p. 7, pl. vi., fig. 8 (Fide Tullberg). 

Agnostus Nathorsti, Tullberg. Agnostus Arterna vid. Andra- 
rim, p. 21, ploig tio. 9. 

“ Head rounded, enclosed by a subfiliform narrow marginal 
fold. Glabella bilobate, anterior lobe narrower than the pos- 
terior, oblong, equally rounded-acuminate. Posterior lobe almost 
equal in length to one-half of the head, impressed by two deep 
grooves on each side, rounded behind, pressed together and 
high, furnished with a raised point ; basal lobes separated from 
the glabella by a posterior furrow, rounded, connected behind 
the glabella. Cheeks separated in front of the glabella, sculp- 
tured with longer or shorter lateral furrows.” 
“The rachis of the thorax has elliptical lateral tubercles. 

Pygidium. rounded behind, furnished with a somewhat broader 
bidenticulate marginal fold. Rachis with three joints, pointed 
behind, front joint shorter than the others, slightly wider, di- 
vided into three parts by two longitudinal depressions ; the mid- 
dle joint keeled, produced backward into a point. Posterior 
joint rather long, squeezed in the middle part by an arched de- 
pression, ornamented with a small elevated point in the depres- 
sion. Lateral lobes minutely granulated, narrowed behind, 
separated behind the rachis.” 

Size.— Length and width of the shields, 44 mm.” 
Horizon and Locality.—Dark shales of Div. 1d!. Porter’s 

Brook, St. Martin’s N. B., Canada, scarce. 
Tullberg remarks in his work cited above, that the shield fig- 

ured by Angelinas the pygidium of Agnostus exsculptus is really 
the head shield of this species (A. Nathorstt). 

*Figures 13, 14, pl. v., referred to A. scutalis are not of this species, but represent some 
species of the Limbati section (a Fallax). 
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Some examples from the St. John group have the axis of the 
pygidium long and a furrow behind, connecting the dorsal and 
marginal furrow; these agree more nearly with the European 
form. The following form, however, is more plentiful. 

Var. CONFLUENS n. var. Plate xvi., fig. 9, a and b. 

This form is found in the eastern part of the St. John Basin. 
It does not quite agree with Broegger’s species, but differs in the 
following respects: 

The head shield is less quadrate behind, the furrows on the 
sides of the posterior lobe of the elabella less undulate, the 
basal lobes longer. The pygidium is more quadrate, the pos- 
terior margin ‘less arched, the posterior lobe of the rachis is 
shorter and wider than in the type, and the side lobes are not 
separated behind the rachis by a furrow. 

Sculpture.—The surface of the test especially in the head 
shield is radially wrinkled. 

Size.—Length and width of each shield, about 4 mm. 
Horizon and Locality.—Dark gray shales of Div. 1 d!,at Por- 

ter’s Brook, St. John county, N. B. 

AGNOSTUS FIssus, Lundgren. 

Agnostus fissus, Linrs. Om faunai Kalken med Conoc. ex- 
sulens, p. 23, tafl. ii., fig. 34. 

Agnostus fissus, Tullb. Agnostus arterna vid. Andrarum, p. 
16, tafl. i., fig. 3, a to d. 

‘“ Head and pygidium shorter and wider [than 4. gibbus]. Test 
scarcely smooth, uneven, marginal fold narrow. Glabella shorter, 
broader, bilobed. Anterior lobe no longer than wide, more or 
less blunt in front, cleft in front by a very delicate line, equal 
to the posterior lobe in width; posterior lobe short for its width, 
one depression visible on each side, reaching its greatest height 
alittle in front of the middle of this part, where an elevated 
point can be seen. Basal lobes small, triangular, scarcely con- 
necting behind the glabella. Cheeks separated by an obsolete 
furrow in front of the forehead, ornamented on each side by ob. 
solete furrows.” 

“ Pygidium short, round, without spines. Rachis with three 
joints, more acuminate than in the preceding, all the joints of 
almost the same width; lateral parts of the anterior joint thick- 
ened; middle joints slightly narrower than the rest, higher, 
keeled, ornamented with a point. In frout of the middle of the 
posterior joint are two lateral obsolete depressions, between 
which an elevated point can be seen. Lateral lobes are connec- 
ted behind the rachis.” 
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Size.—‘ Length and width of the shields, 34 mm. 
Horizon and Locality.—Fine dark shales of Div. 1 d! (the 

highest layers) at Porter’s Brook, St. Martin’s. 
The Latin description contains no reference to the thorax; 

this is described in the next paragraph (Swedish). ‘‘ First joint 
of the thorax somewhat smaller than the second, rachis with 
two tubercles at the sides; the pleure of the first joint are di- 
vided into a larger front tubercle and a smaller back tubercle by 
a furrow ; the tubercles on the pleurz of the posterior joint are 
of about the same size. 

Var. TRIFIssus n. var. Plate xvi., fig. 10. 

This is about the same size as the type, and is distinguished 
by two additional furrows at the front of glabella, one at each 
corner, beside the median furrow that characterizes the type; 
these furrows cut into the cheeks in front of the glabella; the 
median furrow is the longest, but none connect with the anterior 
marginal furrow (or the median one, rarely). There are two 
minute tubercles at the axial line of the first lobe of the rachis 
of the pygidium. 

Horizon and Locality.—In the Davidis Subzone at Chapel 
Arm, Trinity Bay, Newfoundland. Also in the Abenacus Sub- 
zone (Div. 1 d!) at Porter’s Brook, St. Martin’s, N. B. 

Development of the Young.—At the } mm. stage (14 mm. for 
the complete animal) the head shield already shows the cleft 
fore-lobe of the glabella, and a shallow indentation across the 
glabella marking off the first somite of the posterior lobe; the 
basal lobes are scarcely yet visible. The thorax has’ only one 
joint; this joint has tubercles on the sides of the rachis and a 
furrow on the pleura running directly outward; no pleural tu- 
bercles. The rachis of the pygidium is not lobed, but the so- 
mites are indicated by the incipient keel of the second lobe, and 
avery minute tubercle near the front of the third lobe, indicating 
the third somite; at the front of the rachis isa strong transverse 
ridge, the “ half joint ” (articulating ridge) more prominent now 
than in later stages. The first somite of the pygidium is not 
yet visible, but it is separated in the 14 mm. stage (24 mm. for 
the whole animal ), when the rachis divides into three lobes. 
Only one joint of the thorax of this stage has been seen; it shows 
tubercles on the pleurz as well as on the rachis. When the 
animal becomes 3 to 34 mm. long both joints appear in the thorax 
and the general features of the test are those of the adult ; the 
basal lobes of the head shield are still very small. 

These features of growth in 4d. fissus are based on examples 
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from the Abenacus Subzone of the St. John group. It will be 
seen that from the earliest stages described, this species can be 
separated from others, and before the rachis of the pygidium is 
segmented, the minute tubercle on the third somite distin- 
guishes the species from A, Nathorsti, which has this tubercle 
on the fourth somite; in the young of A. fallax it is on the 
third somite, as in A. /fissus, but becomes obsolete at a later stage 
in the former species. 

Both the above variety and the type of A. fissus have been 
found at Porter’s Brook, but only the variety at Chapel Arm. 
At Porter’s Brook the species is known only from the highest 
fossiliferous beds of Division 1 d; so perhaps did not come to 
America with the first migrants of the Abenacus Sub-fauna. 

AGNOSTUS PUNCTUOosUs, Angelin. Plate xvi., fig. 11. 

Agnostus punctuosus, Ang. Paleontolog. Scand., p. 8, tab vi., 
fig. 11. 

Agnostus punctuosus, Broegg. Om Paradox’skifr. v. Krekling, 
p- 67, tab. vi., fig. 12 a and b. 

Agnostus punctuosus, Tullb. Agnostus arterna., p. 17, tab. i., 
fig. 5 a to d. 

Angelin’s description of this species is very brief, the follow- 
ing is Tullberg’s: 

“Test of both shields granulated. Marginal fold narrow. 
Glabella bilobate. Anterior lobe narrower than the posterior, 
subtriangular, divided lengthwise by a fine line sometimes 
scarcely visible. Posterior lobe ornamented on each side in front 
of the middle by a depression, and between these depressions by 
an elevated point, furnished behind the middle of the basal lobes 
with higher tubercules resting on lateral depressions, rounded 
behind. Basal lobes elongate, triangular, divided into two 
tubercles by a lateral depression, uniting behind the glabella. 
Cheeks separated in front of the glabella, furnished with lateral 
furrows not deep, slightly undulate, and with small points. 
Thorax with two joints, rachis ornamented with contiguous 
lateral tubercules, pleuree divided into two tubercles by a trans- 
verse line. 
“Pygidium without spines. Rachis three-jointed ; anterior 

joint shorter and broader than the others ; middle joint higher 
than the others, hexagonal, keeled, adorned with an elevated 
point; posterior joint elongated, round-acuminate, sometimes 
bordered by straight lines so as to become quite pointed ; often 
furnished at the middle with a minute point, and below it lateral 
depressions. In the adult the lateral lobes connect behind the 
rachis, in the young state they are separated by a fine line; the 
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lobes are densely granulated. In one pygidium the first joint 
[of the rachis] has two lateral elevated points, the middle joint 
near the strongly elevated carina has a point on each side, and 
the last joint is ornamented with an elevated point on each side 
in front, and one median point.” 

Size.—Length and width of the shield 6 mm. 
Horizon and Locality.—In America this species is found at 

Highland Cove, Trinity Bay in company with P. Davidis, etc. 
This fine species is easily recognized by its tuberculate side 

lobes and smooth rachis, and corresponding conditions in the 
head-shield. The somites in the third lobe of the rachis are 
clearly distinguishable in the American, as in the Norwegian ex- 
amples, and-the paired somites in this lobe are parallel to those 
seen in A. Nathorsti, etc. 

AGNOSTUS LH/VIGATUS, Dalman. 

Battus levigatus, Dalm. Vetensk, Skad. Arsber, p. 136. 
Battus levigatus, Hisinger. Lethea Svec., p. 30, tab. iv., fig. 7. 
Agnostus levigatus, Ang. Pal. Scand, p. 6., tab. vi., fig. 3. 
Agnostus levigatus, Broegg, Om. Paradox. skifren p. 74, tab. 

v., fig. 6, and tab. vi., fig. 5. 
Agnostus levigatus, Tullb. Om. Agnostus-anterna, p. 27, tab. ii., 

fig. 17 a and: b. 
The following is Tullberg’s description of this species: “Crust 

usually very smooth and handsome. Head-shield elongate- 
rounded, encircled by a narrow filiform marginal fold. Glabella 
obsolete in front, enclosed by impressed lines behind, rounded 
behind and ornamented with an elevated point. Basal lobes 
rounded, connected behind the glabella, Lateral furrows some- 
times indent the cheeks. Pygidium elongate rounded, enclosed 
by a marginal fold which is broader behind. Rachis vanishing 
backward, the first joint obsoletely three parted, the second or- 
namented with an elevated point, the third narrow, scarcely dis- 
tinguishable.” 

Size.—Leneth of the shields, 5 mm.; width, 4 mm. 
Horizon and Locality.—Head shields of this species occur in 

limestones at Chapel Arm, Trinity Bay, Newfoundland. As we 
have no pygidium they may be of the following variety. 

Var. TERRANOVICUS n. var. Plate xvii., figs. 1 @ and b. 

This variety has the narrow marginal fold of the typical form, 
but differs in the larger basal lobes of the glabella, and in having 

the rachis of the pygidium defined throughout bya distinct fur- 

row. In this respect it approaches more nearly the variety 
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forfax of Broegger, which also has the pygidial axis thus defined; 
but this axis in the Norwegian variety is longer and is not di- 
vided into lobes. In var. ferranvvicus the front lobe of the 
pygidium is separated by a furrow from the rest of the rachis, 
but there is no middle lobe except in so far as it is indicated by 
a tubercle about one-third from the front. The side lobes of the 
pygidium are wider than in var. forfax. 

Sculpture.—The test is minutely punctate. 
Size.—Length and breadth of each shield,5 mm. Rachis of 

pygidium, 4 mm. long, 2mm. wide. 
Horizon and Locality.—Dark siliceous slate of Highland 

Cove, Trinity Bay, Newfoundland, with P. Davidis. 

Var. CICEROIDES n. var. Plate xvii., fig. 3 a and b. 

This is a smaller and more tumid form than the preceding, 
and the rachis of the pygidium is wider in proportion; the mid- 
dle lobe of the rachis is marked off from the posterior by a 
faintly impressed line, and bears a more prominent tubercle than 
the preceding variety. 

Sculpture.—As the preceding. 
Size.—Length and width of each shield, 34 mm. Rachis of 

pygidium, 24 mm. long, 14 mm. wide. 
Horizon and Locality.—Found with the preceding. 
The head shield of this variety is like that of A. Cicer, Tull- 

berg, but it is furnished with a marginal fold; that species also 
has a wider and only partially defined rachis to the pygidium. 

Var. MAMILLA, n. var. Plate xvii., figs. 3 a and 0. 

Nearly the same size as the preceding. It has more distinct 
basal lobes, but the difference is chiefly in the pygidium ; the 
rachis is undivided and greaty elevated at the second somite 
where there is a prominent tubercle one-third from the front of 
the rachis; the lateral lobes are divided by a furrow, and the 
posterior marginal fold is wide. 

Sculpture.—As the preceding but with small scattered tuber- 
cles on the head shield. 
Size—Length and breadth of the shields, nearly 4 mm. 

Rachis of the pygidium: length, 24+-mm.; width, 14+mm. 
Horizon and Locality.—Found with the preceding. 
While the head of this variety is that of a Levigatus, the pygi- 

dium is nearly that of a Parvifrons; in the latter, however, the 
dorsal and marginal furrows of the pygidium are confluent, in 
this variety they are distinct, but connected by a cross-furrow. 
But for the absence of glabella this variety would closely re- 
semble Broegger’s var. mamillatus of A. parvifrons. 



1896. | NEW YORK ACADEMY OF SCIENCES. 235 

In Agnostus Barrandet, Salter, of the Menevian horizon in 
Wales we evidently have a species of the Levigati section, and 
although Dr. Hicks’ figure* does not show any rim, the descrip- 
tion indicates that there was one; from this and the pygidial 
features this species appears to be allied to A. levigatus, rather 
than A. nudus; but judging from these features, also the two 
individuals figured must at least be of different varieties ; Fig. 
5, if we be guided by the form of the rachis, approaches var. 
forfax, and Fig. 6 var. terranovicus ; the resemblance does not 
establish an identity in either case. 

? AGNostus NuDus, Beyrich. 

This species appears to be indicated by some head shields 
found in Newfoundland. The head shield is high at the back in 
the middle and arched down in all directions, and is devoid of 
marginal fold. 

Sculpture.—Smooth and shining with a minutely punctate sur- 
face. 

Size.—Length and width, 3 mm. 
Horizon and Locality.—Limestone of Chapel Arm, Trinity 

Bay, Newfoundland. 

Micropiscus, Emmons. 

This genus, which in the small number of the pleural joints, is 
almost on a par with Agnostus—for the number varies from two 
to four for the different species—is characterized by certain 
changes of form from its earliest appearance until it died out in 
the later stages of the Paradoxides beds—changes which are com- 
parable to those in Agnostus, but on different lines: one of these 
lines of development is the obliteration of the costz on the side 
lobes of the pygidium, and the other the extraordinary develop- 
ment of the occipital spine. 

The “great nuchal spine” as Salter calls it is not merely an 
extension of the summit of the occipital ring, but in some species 
at least it carries with it the posterior part of the glabella; hence 
these species have no proper occipital furrow, but the two 
outer ends of this furrow are seen to run a little way up the 
side of the spine or form a threadlike band at the the back of 
the spine; in such cases the main furrow seen at the base of 
the spine is in reality the posterior glabellar furrow, and this 
lighter furrow behind is the occipital furrow. 

The obliteration of the occipital furrow in many species of 
this genus leaves one less than the normal number of furrows on 
the axis of the head shield, so that usually not more than three, 

* Quart. Jour. Geol. Soe., London, May ’72, p. 176, pl. V., Figs. 5 and 6. 



236 TRANSACTIONS OF THE [may 18, 

sometimes only two, can be discerned. All the furrows are 
usually indistinct or even obliterated in the later species of the 
Paradoxides Beds, in the adult shields; but even in these there 
are often impressions of these furrows on the inner surface of 
the test. 

It is in the species of the Olenellus Zone that the series of fur- 
rows marking the somites is most clearly seen. JW. speciosus for 
instance has three pairs of broadly, but distinctly impressed fur- 
rows on the sides of the glabella and also a pair of sharply cut 
occipital furrows.* In M. lobatus the furrows of the glabella 
are not quite so obvious, and the posterior of the three is usually 
very indistinct, but the number is the same as in the preceding 
species. 

Both Agnostus and Microdiscus exhibit larval characters in 
the anterior lobe of the glabella, the former by the large size 
of the anterior lobe (as in Regii) or its distinctness (as in Fal- 
laces and Longifrontes). In Microdiscus, however, the larval 
facies is maintained by the large size of the anterior lobe as_ 
compared with those behind it. The Ptychparidz in the Pro- 
taspis stage, which the author has studied, agree in having the 
somites of the cephalic axis short except the front one which is 
much larger and longer than the others; as regards the length, 
this is a permanent characteristic in the typical Microdisci of 
the Olenellus zone, for in these the front lobe is nearly as long 

as the other three.t ; 
As in Agnostus, and in many other trilobites the pygidium 

of Microdiscus is divided into an anterior and a posterior part, 
the latter distinguished by the imperfect segmentation of the 
rachis ; this is very well seen in the section (Eodiscus) described 
hereafter, wherein the protopygidium is marked by a tubercle on 
the summit of each ring of the rachis, while on the neo-pygi- 
dium there is a row of low tubercles along the crest of the ring, 
similar to those on the lateral lobes (of M. pulchellus, etc.). 
The pygidium in this group by the appearance and subsequent 
effacement during growth of costz on the side lobes shows the 
addition of somites beyond the number of those of the early 
stages ; while in other sections as Dawsonia (see below) the sur- 
face moulding shows the cementing of additional segments to the 
front of the pygidium.{ 

A general rule holds in the genus Microdiscus as to the in- 
crease of the number of rings in the rachis of the pygidium, ac- 
cording to the geological age of the species; the majority of those 

*On many heads of adult examples of JZ. speciosus all these furrows are quite ob- 
literated. 

+M. speciosus and M., lobatus, but this is not the case with MW, Schucherti in which 
this lobe is short as in the Microdisci of the Paradoxides beds, 

tSee also the pygidium ascribed to M. precursor. 
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of the Olenellus zone have but few rings (4 to 6), but in the 
Paradoxides zone, species with many rings (8 to 10 or even 12), 
are multiplied. The late Prof. C. F. Hartt recognized the dis- 
tinction between these two sections of the genus as it occurs in 
the Paradoxides beds, giving to one the name Dawsonia and to 
the other Eodiscus. The following scheme will show how the 
species of Microdiscus are related to each other: 

| | 
Lateral | Pygidial | Section LOBATUS Horizon. 
lobes of rachis has | 
pygid. 5 | 2£rings | lobatus, Hall, 1847* | rf 
ribbed D | 

e3e =} | | 

= yeni | 2 _ | unknown Meeki, Ford, 1876 
3 unknown | 'o= | | , | Olenellus 

| xibbed | 2 / Grings |  Parkeri, Wale. 1886 | Zone. 
| HO | 

= smooth | 3 ™) 6 rings Helena, Walc., 1889 

eee Section SPECIOSUS 
\eoene me 

| smooth | | 12 les | speciosus, Ford, 1874 | Olenellus 

Buon) | 10 rings | pellicinctus, Shaler &F, 1888; 22°: 
= —_— 2 —— 

=| | 

a é ee Section DAWSONIA f 

gs Fal 6to7 i ; | Paradoxides 
5 BY § S rings J Dawsoni, Hartt, 1868 lamellatus 

rae Ee Sub-zone. 
ae 8 6 rings sculptus, Hicks, 1871 
or ° 
n 

a) Section EODISCUS t{ 
3 ae Olenellus 
a 2 a.2| 6rings Schucherti, n. sp. Zone. 
2 2 "e 3. 
s _ 
eh mi d § a 6 rings connexus, Wale., 1887 olenel. : z.(?) 

e poe) Ba : Paradoxides 
a 2m 35 unknown precursor, Matt., 1885 bheteunia sare. 

a 5 12 rings suecicus, Linrs., 1882 | Sub-zone. 
oo aed 
a =! : | P. Abenacus 
5 cs z= é 12 rings pulchellus, Hartt, 1884 Aa ghee 

° ao oO = 

aQ idi ib 
3 9 rings eucentrus, Linrs., 1882 pee 

* First published as an Agnostus. 
+ Used by Hartt for M. Dawsoni, published by Dawson, 1868. 
{ Name used by Hartt (probably about 1870), not published until 1884. 
2 The type of the genus. 
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The embryonic tests of individuals of the section Eodiscus 
do not show any characters special to the genus, but these 
speedily appear in very small larval tests, and are first recog- 
nizable in the headshield. In general outline and in having 
costal ribs on the sides of the pygidium, this part of a young 
Eodiscus is much like that of a Ptychoparia at the corre- 
sponding stage, but in the later moults the distinctive features 
of Microdiscus appear; the rings of the axis become more 
numerous, the pleural lobes inflated and the form of the 
pygidium more elongated. In the species of this section 
(Hodiscus) the furrow on the pleure (of the posterior joint at 
least) run forward and outward as in Agnostus; this is per- 
haps due to the strong geniculation of the anterior marginal 
fold of the pygidium, necessitating a convexity of the overlap- 
ping pleura. 

The genus Microdiscus serves as a link between the Paradox- 
ides and the Olenellus faunas, and there is a gradation of re- 
sembling species through two lines of development, one with 
few, the other with numerous joints in the rachis of the pygid- 
ium. Though Microdiscus is so common in the Olenellus Fauna 
and passes into that of Paradoxides, no example has been found 
in the Protolenus Fauna. 

Micropiscus ScHUCHERTI n. sp. Plate xvii., figs. 4 a and b. © 

Headshield subcircular, one-quarter wider than long, flattened 
in front, drawn in and upturned at the genal angles; axis pro- 
jecting behind. Anterior marginal fold enclosing a flattened 
area, which is indented in front of the glabella. Glabella two- 
thirds of the length of the shield, cylindro-conical, depressed in 
front, elevated and projecting backward behind; three pairs of 
furrows faintly impressed on the sides. Occipital ring not vis- 
ible. Cheeks moderately arched, not meeting in front of the 
glabella. Posterior marginal fold wide at the outer end, shield 
narrower here than opposite the cheeks. 

Thorax not known, but the relief of the approximate margins 
of the two shields indicates a prominent rachis and strongly 
geniculate pleurz, with furrows directed forward. 

Pygidium longerin proportion than the head shield, and more 
decidedly arched. Rachis nearly three-quarters of the length of 
the shield; it has about six joints, the anterior four prominent 
and each crowned with a tubercle. Side lobes sloping down to 
a flattened marginal fold, which is strongly geniculated in front, 
with an almost vertical outer slope. 

Sculpture.—Surface of both shields minutely granulate. 
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Size.—Length of pygidium, 3 mm.; width, 4 mm.; the head- 
shield is somewhat shorter. 

Horizon and Locality.—Limestone of the Olenellus Zone at 
Troy, N. Y. Collected by Mr. C. Schuchert and communicated 
to the author. 

Though this species is not of the Paradoxides Zone, I have 
described and figured it here on account of its resemblance to 
the larval stages of certain Microdisci of that zone. It differs 
from others with which it occurs in its short glabella and broad, 
depressed head shield; in these points it is like M. Dawsoni. 
While the typical species of the Olenellus Zone have retained 
the occipital ring, it appears to be wanting or nearly effaced in 
this species, as in several species of the Paradoxides Zone, and in 
the Agnosti. The larval pygidia of the Eodisci (I. pulchellus, 
etc.) resemble the adult shield of this species in contour, num- 
ber of rings in the rachis, etc. And it is to a fixed larval stage 
of this type, rather than to MM. pulchellus, M. punctatus or M. 
Dawsoni that the author would look as the source of such a 
form as M. connexus, Walc.; for this species differs little from . 
M. Schucherti, except in the extension of the occipital spine. 
All our examples of M. Schucherti show only the outer surface, 
and so it is not known whether the border fold of the head shield 
is crenulated within. 

MIcCRODISCUS PRECURSOR. Plate xvii., fig. T. 

Microdiscus punctatus var. precursor, Trans. Roy. Soc. Can., 
vol. ili.,.pts lv.,/p. 1o,,pl.. vil., fig..13. 

Only the head shield of this species is with certainty known. 
It resembles M. pulchellus, but is more triangular in outline. 
The marginal rim is very narrow; the dorsal furrow is deep and 
wide and connected with the marginal furrow by a shallower 
furrow. Glabella shows two faint pairs of furrows at the sides, 

Microdiscus precursor, supposed pygidium mag. 4°. (This figure should 
have been placed between figs. 4b and 8d on Plate xvii. ) 

on the inside of the test, smooth on the outside. The occipital 
ring bears a tubercle or short spine. The cheeks are tumid, 
nearly straight on the side next the dorsal furrow, to which they 
descend abruptly; at the posterior inner corner is a prominence 
which projects toward the glabella in front of the occipital ring. 
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Occurring at the horizon of this species there is a somewhat 
long semi-circular pygidium which may belong to this species ; 
a young example possesses the following characters. It is one 
and a-half times as wide as long. Rachis narrow and prominent, 
about one-fifth of the width of the shield, and three-quarters of 
its length; two rings are divided off the front by transverse 
furrows, two others are marked by side furrows, and there is a 
posterior lobe twice as long as wide, not reaching the marginal 
fold. The side lobes are tumid and are traversed by transverse 
furrows ; three in front have the appearance of anchylosed seg- 
ments of the thorax; one behind is less distinct, and a fifth is 
faintly indicated. A low, narrow, obscure fold goes around the 
margin of the shield. 

Sculpture.—There are minute scattered tubercle on the cheeks 
and glabella, and minute, rather obscure crenulations on the 
inner surface of the test at the marginal fold. The supposed 
pygidium is minutely granulated. 

Size.—Length of the head shield, 2 mm.; width, 1} mm. 
Horizon and Locality.—In the fine gray shales of Div. le? at 

Hanford Brook and Porter’s Brook, St. Martin’s, N. B., Canada. 
This species has a general resemblance to M. scanicus of the 

Swedish Paradoxides beds as regards the head shield; but if 
the pygidium described above belongs here, the species is more 
nearly related to M. Dawsoni and M. Schucherti; the crenula- 
tions of the margin are similar to those of the section Eodiscus, 
but not so sharply marked or so noticeable. 

Micropiscus Dawson, Hartt. Plate xvii., figs. 5 a@ to e. 

Microdiscus Dawsoni, Hartt. Acad. Geol., 2d ed., p. 564, fig. 
228. 

Microdiscus Dawsoni, Walcott, U. 8. Geol. Surv. Bull 10, p. 
p. 23, pl. ii., figs. 3 and 3a. 

Microdiscus Dawsoni, Trans. Roy. Soc. Can., vol. iii., pt. iv., 
p, 15, pl. viigaigs. 1, a tore. 

Description.— Cephalic shield semilunar, with thickened 
border, crossed by numerous grooves running perpendicularly 
to the circumference. Glabella convex, narrow, rounded in front, 
conical and pointed behind, projecting beyond the posterior 
border, without furrows or occipital groove. Cheeks convex, 
no eyes and no traces of sutures, posterior angles of the shield 
with backwardly projecting spines. Pygidium subtriangular, 
with curved outlines, rounded in front and behind ; middle lobe 
distinctly marked and divided into six segments; lateral lobes 
also divided ; furnished with a narrow border.” 

This is one of the most characteristic species of the P. lamel- 
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latus Subzone. The head shields in my examples are broadly 
semicircular ; the glabella and cheeks slope downward in front. 
below the level of the anterior marginal fold, which rises in front 
as a prominent, crenulated, transverse ridge; the glabella ex- 
tends backward into a stout spine, slightly hooked downward at 
the extremity ; the glabella and spine form together a fusiform 
axial lobe tapering to both ends, and the two parts are nearly 
on the same plane. 

The thorax consists of two joints having rounded rings and 
the pleurz have broad furrows directed forward as in Agnostus. 

The pygidium is angled in front, has seven segments in the 
rachis and five ribs on the lateral lobes, of which the posterior 
are strongly directed backward as on the Welsh MM. sculptus, 
Hicks. 

Sculpture.—This species is closely granulated on those parts 
of the test that are raised above the general surface, but not in 
the furrows. 

Size.—Length of head, exclusive of spine, 3 mm.; width, 
4mm. Length and width of pygidium, the same. The occipital 
spine is 2 mm. long. 

Horizon and Locality.—The fine gray shales of Div. 1 c+ at 
St. John, Ratcliff Stream, Simonds’ and Hanford Brook, St. Mar- 
tin’s, N. B., Canada, but nowhere plentiful. 

Development of the Young.—The young head shield in this 
species differs widely from the adult. At the length of 1 mm. 
the front rim is narrow all around and no crenulation is visible ; 
the cheeks are comparatively flat, and there is a flattened area 
within the rim indented with a depressed point in front of the 
elabella, which it touches as in M. Schucherti. The glabella is 
pointed behind but bears no spine. The genal angles are some- 
what pointed. At 14mm. length of head shield, the rim begins 
to widen in front and shows shallow crenulations, and the flat- 
tened area still shows a depression in front of the glabella. The 
genal angles are sharp and the posterior marginal fold broadens 
at the end and is upturned as in WM. Schucherti. The glabella 
has a long anterior lobe, as MW. speciosus has in the adult stage. 
In the later moults the strongly crenulated widened margin and 
the development of the occipital spine easily distinguish this 
species from the former of those above named, and the breadth 
of the shield and wide anterior rim from the latter. 

I have not met with the genal spines described by Prof. Hartt, 
but the indrawn and upturned genal angle of the head shield 
forcibly recall similar features in more than one species of 
Microdiscus of the Olenellus Zone. 

TRANSACTIONS N, Y. ACAD. Scl., Vol. XV., Sig. 16, Sept. 26, 1896. 
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Although the pygidium of our species and that of I. sculptus 
are alike, the head shields are quite different, and the number of 
thoracic joints differs. 

MicRopISscUS PULCHELLUS, Hartt. Plate xvii., fig. 8 a to f. 

Microdiscus punctatus (Salter) Whiteaves. Am. Jour. Sci., 3 
ser., vol. Xvi., p. 225. 

Microdiscus pulchellus, Hartt, Ms. in List to Sir J. W. 
Dawson. 

Microdiscus punctatus, Walcott, U. S. Geol. Surv., Bull. 10, 
p. 24, pl. ii., figs. 1 a to e. 

Microdiscus punctatus var. pulchellus, Trans. Roy. Soc. Can., 
vol. iii., pt. iv., p. 74, pl. vii., figs. 12 a, b and c. 

Description (by Mr. C. D. Walcott).—‘ Head semi-elliptical in 
outline, rather strongly convex, and bordered on the front and 
sides by a depressed furrow and raised rim, the furrow contain- 
ing numerous short furrows perpendicular to the margin, as in 
M Dawsoni, but not as strongly marked. The posterior border 
is strong back of the cheeks, and has the furrow continuing 
from the sides; a very narrow rim extends back of the glabella ; 
eyes and facial sutures entirely absent. 

“Glabella elongate conical, extending backward in a strong 
spine, as long as the glabella in medium-sized specimens, and 
nearly as broad at the base. In some examples the spine is 
shorter and smaller. The glabella rises above the level of the 
cheeks, and is about three-fifths of the length of the head, bor- 
dered by strong dorsal furrows that are connected in front by a 
straight furrow with the depressed groove within the anterior 
marginal border, perceptibly marked by two pairs of oblique 
glabellar furrows in some examples. Cheeks convex, prominent, 
strongly defined by the dorsal and marginal furrows. 
“Thorax unknown.” [see below. } 
“The pygidium, associated with the head of this species in 

great numbers, has the same general outline as the head. The 
narrow, margined rim is well defined all around, widest at the 
sides; anterior marginal furrow very distinct; median lobe 
elongate conical, extending back nearly to the marginal groove ; 
nine anchylosed segments are indicated by eight rather strong, 
transverse furrows; lateral lobes strongly convex, no furrow 
appearing back of the anterior marginal groove.” 

Sculpture.— Surface finely punctate, the punctz being rather 
large as compared with the depth. 

Size.—Dimensions of a rather broad head. Length, 3.5 mm. 
(also 44 mm.). Pygidium, length, 3.75 mm. (also 44 mm.), 
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Breadth,5 mm. There is considerable variation in the propor- 
tion of the parts. 

“This is an abundant and well-marked species. The pygidium 
is very similar to that of UW. speciosus, Ford, of the Olenellus 
Fauna. In event of the two forms VW. punctatus and MW. pulchel- 
lus proving distinct, I propose that Mr. Hartt’s name, MW. pul- 
chellus, be given to the American species. 

The following particulars may be added to the description of 
this form given by Mr. Walcott, in Bulletin 10. 

The occipital spine is much more slender in the author’s ex- 
amples than in those figured by Mr. Walcott; it is flattened at 
the sides, and frequently rises from the plane of the head shield 
at an angle of 45°. 

The short, transverse furrows on the marginal fold of the 
head shield differ from those of M. Dawsoni in being closer to- 
gether and at about equal distances all around the margin ; they 
are not on the outer surface of the fold. but only indent the 
inner surface of the test, hence they are not visible from above 
when the test is perfect. 

No complete thorax has been found in connection with the 
shields, but the separated joints show a strong axial ring which 
has a row of obscure tubercles along the ridge similar to those 
on the posterior rings of the rachis; the pleure are strongly 
arched, and have a long and deep furrow directed somewhat 
obliquely backward ; they seem not very rigid and terminate in 
rounded points. 

According to Mr. Walcott the median lobe of the pygidium 
has eight segments, including the articulating ring, but well 
grown examples show nine well marked rings, and three other 
smaller, less distinct ones, near the end of the rachis. When 
one-quarter grown this species has seven distinct rings in the 
rachis, the number in the mature M. punctatus, according to Mr. 
Salter. From this species M. pulchellus differs not only in re- 
spect to the number of these rings, but also in having a smaller 
and more erect occipital spine. 

Sculpture.—The test of M. pulchellus has been described as 
punctate, but this remark applies only to the head shield and 
thorax, for the pygidium is tuberculate on the side lobes. It 
may be added that the strong rings of the rachis carry each a 
low spine at the summit; but on the weak posterior rings the 
crest is ornamented with a row of small tubercles. 

Size.—The dimensions given above are of the largest shields, 
more frequently it is a third smaller. 

Development of the Young.—The change of this species as it 
grew from a Protaspis stage similar to that of other trilobites 
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associated with it, is partly shown by immature tests that have 
been observed. It acquired generic characters at a very early 
stage so far as the head shield is concerned, but the pygidium 
took a longer time. The Protaspis (slightly over $ mm. in 
length) is remarkable for the equal spacing of the somites al- 
most from the first, causing the first somite to be smaller, 
and the first furrow further forward than usual; while the 
cephalic portion of the axis is visibly segmented, the caudal is 
not, and the line of suture between the two shields is scarcely 
indicated; the rachis almost touches a faintly defined rim at the 
back of the shield. In the } mm. stage of the head shield the 
olabella is already near the normal form in the adult, but ex- 
tends farther forward, and the furrow in front is short and 
deeply impressed, as in the young of WM. Dawsoni and the adult 
of M. Schucherti; there is a slender occipital spine elevated at 
an angle from the plane of the head shield as in the adult. 
When the head shield is 1 mm. long the crenulation on the in-. 
terior of the front rim of this shield becomes visible, and very 
short genal spines are added to the posterior angles. 
When the pygidium was $ mm. long it had three lobes in the 

rachis and one rib marked off by a faint furrow at the front of 
the lateral lobes; this furrow is distinct only in the middle of its 
length; at this stage the shield is much flatter and wider than 
the adult and is bordered by a broad rim, within which is a 
broad rounded furrow. The # mm. shield does not differ much 
in form, but has four rings in the rachis, and the rib at the front 
of each cheek is more distinctly marked. In the 1} mm. stage 
there are seven lobes to the rachis and only a faint trace of the 
rib on the front of the side lobe. In the 2 mm. stage there are 
seven strong lobes and three faint lobes on the rachis, and no 
trace of the rib on the side lobe, so that at this stage the pygid- 
ium has nearly assumed the aspect of the adult shield. 

Horizon and Locality.—All parts of the St. John Basin, in the 
beds carrying the Abenacus Sub-fauna Div. 1 d*. Also in 
Kennebecases and Long Reach Basins at the same horizon. 

MIcRopISCUS PUNCTATUS, Salter. 

Microdiscus punctatus, Salter, Quart. Jour. Geol. Soc. vol. xx., 
no. 19, p: 23%, pl. vili., fig. 11. 

c.f. Microdiscus eucentrus, Linrs. De Under Paradoxideslag- 
-ren vid Andrarum, Stockholm, 1883, p. 30, tab. 4, figs. 19 and 20. 

J. W. Salter’s description of this species is as follows: ‘ Head 
-without eyes or facial suture; margined, the glabella and side 
lobes very prominent, punctate. An enormous nuchal spine. 
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Body rings 4. Tail equal to the head, with a strong T-ringed 
axis, and smooth punctate sides, margin distinct.” 

G. Linnarsson’s description of AL eucentrus is the following : 
Equalling the preceding (7. e. M. Scanicus), but the head more 
convex; glabella without any occipital furrow behind, prolonged 
into a spine longer than the head. 

Linnarsson’s species is evidently very near to Salter’s, if not 
identical with it; the Swedish naturalist points to the larger 
number of joints in the pygidium of his species as distinctive of 
it, also to the absence of the crenulate border of the head shield. 
But I think Salter’s “7 rings” to the axis of the pygidium re- 
fers only to the more distinct joints in the main part of the axis ; 
and as for the ornamentation of the front rim of the head shield 
(unless the Welsh are different from the American species) that 
exist only on the interior of the rim, and would not appear on 
the outer surface of the test. 

The young tests of MW. punctatus show almost the same pro- 
gressive changes from the embryonic form as MM. pulchellus ; 
among these are the acquisition and subsequent disappearance 
of a rib on the front of the side lobes of the pygidium; occa- 
sionally two ribs are thus developed, but in the adult these larval 
ribs disappear. 

Sculpture.—The surface both of the head shield and pygidium 
are ornamented with close punctures, differing thus fiom MM. pul- 
chellus in which the surface of the pygidium is covered with 
small tubercles, while the head shield only is punctate.* 

Size.—Length of largest head, exclusive of spine,5 mm., length 
of spine 5 mm. (smaller heads show a spine longer in propor- 
tion); width of head shield, 6 mm. The pygidium is of the same 
size (excluding the occipital spine). 

Horizontal and Locality.—In the fine gray shales of the P. 
Davidis Subzone at Manuel Brook, Conception Bay, Newfound- 
land. Common. 

EXPLANATION OF PLATES. 

PLATE XIV., CIRRIPEDIA, ETC. 

Notation of the horizons, used below : 

Div. 1c!. Horizon of Paradoxides lamellatus. 
Div. 1c?. Horizon of Paradoxides Eteminicus. 
Diy. 1d'. Horison of Paradoxides Abenacus. 
Div. 1d?. Horizon of Paradoxides Davidis. 

Fia. 1. Stenotheca concentrica. Flattened and cracked along the back. 
Mag. ?. From Div. 1d!, St. Martins, N. B. See p. 201. 

* Pygidia occur, however, at Chapel Arm, Trinity Bay, Newfoundland, in the P. 
Dayidis Subzone, haying the surface tuberculate ; the species hasnot been determined. 
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Fig. 2. S. concentrica var. radiata. Mag. 1°. From Div. 1e, St. John, N. 
B. See p. 202. 

Fic. 3. Stenotheca Hicksiana. Mag. 7. From Div. 1d', St. Martin’s, N. 
B. Seep. 205. 

Fia. 4. Stenotheca triangularis. a, a cast of, showing the outline of the 
cone and the thickened apex. 6, a cast without the outline. Both 
mag. ¢. From Div. 1 ¢?, St. John, N. B. See p. 203. 

Fic. 5. Strobilepis spinigera, J. M. Clarke. Terminal plate (and penulti- 
mate plate in outline). Figured for comparison from Dr. Clarke’s restora- 
tion. Mag. 3. The terminal plate is partly covered by the penultimate. 
Devonian species. See p. 203. 

Fia. 6. Stenotheca nasuta. a, small example, mag. §. 6, original type 
mag. ?. Both from Div. 1c, St. John, N. B. Seep. 204. 

Fic. 7. Plumulites Manuelensis, n. sp, mag. +. From Div. 1d’, Manuel 
Brook, Newfoundland. See p. 200. (Misprinted Plate XV. on p. 200.) 

Fic. 8. Cirripedian and other plates. Type A, a and J, two forms of oval 
plates. Type B, a, ribbed plate ; b, smooth plate. Type C, a, plate with deep 
furrow ; b, plate with high umhbo; c, plate with eared fiange ; d, plate simi- 
larly flanged but more regular ; these are perhaps Cystidian. Type D, sym-. 
metrical plate, perhaps one of the axial row of plates. Type E, triangular 
plate with radiating ridges (possibly cystidian). Type F, triangular plate 
with arched keel ( Cirropodites Cambrensis). Type G, triangular plate with 
facetted edges. All the figures except 8 G, a, mag. { 8 G, a, is mag. ¢. The 
narrow figures beside the larger ones are sections. See p. 206. 

PLATE XV., OsTRACODA AND AGNOSTUS (part). 

Fig. 1. Lepiditta alata. a, outer surface of left valve. 0, cast of interior 
of right valve. Mag. 4°. From Div. 1c’, St. John, N. B. See p. 194. 

Fia. 2. Lepiditta curta. Interior of left valve. Mag. 1°. From Div. 1 d'. 
St. Martin’s, N. B. See p. 195. 

Fic. 3. Lepiditta auriculata. a, left valve showing faint concentric lines 
and the ligamental (?) groove at the hinge. 6, same, hinge line in profile. 
Mag. +. From shales of Div. 1 ¢, St. Martin’s. See p. 196. 

Fic. 4. Aluta flexilis n. g. et sp. left valve (with lower margin restored ) 
showing ocular (?) tubercle, Mag. $. From conglomerate limestone band 
in Div. 1 c!, St. Martin’s, N. B. See p. 198. 

Fia. 5. Primitia Acadica. a, left valve. b, longitudinal section. c, trans- 
verse section. Mag. §. From Div. 1 c!, St. Martin’s, N. B. See p. 196. 

Fic. 6. Agnostus fallax var. vir. Complete, somewhat flattened. Mag. }. 
From Div. 1 c?, St. John, N. B. See p. 215. 

Fia. 7. A. fallax var. concinnus. a, head shield. 6, a joint of the thorax. 
c, Pygidium. Mag. $. From Div. 1 d', St. Martin’s, N. B. See p. 216. 

Fic. 8. Same variety. a, head shield of young larva retaining embyonic 
(Protaspis-like) features. Mag. 2°. b, young pygidium showing somites 
and posterior tubercle on rachis, effaced in later stages. Mag. 14°. Both 
from Div. 1d', St. Martin’s, N. B. See p. 216. 

Fie. 9. A. fallax var. trilobatus, n. var. Pygidium. Mag. }. From 
Div. 1c}, St. John, N. B. Seep. 216. 

Fia. 10. Agnostus <Acadicus, Hartt. a, head shield. 6, pygidium. 
Mag. ?. From Div. 1 c', St. John, N. B. Seep. 217. 
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Fic. 11. <A. Acadicus var. declivis. a. head shield. 06, pygidium. 
Mag. +. ec, larval pygidium showing embryonic features. Mag. 4°. d, 
adult pygidium in the rachis of which are six somites. Mag. 7. AJl from 

- Div. 1 d', St. Martin’s, N. B. See p. 219. 

PLATE XVI., AGNOSTUS. 

Fic. 1. Agnostus regulus. a, head shield. 6, a joint of the thorax. e, 
Pygidium. Mag. ¢. From Div. 1 ¢?. See p. 213. 

Fic. 2. Agnostus rex Barr. var. transectus n. var. Pygidium, Mag. #¢. 
From Div. 1 d!, St. Martin’s. Seep. 214. 

FIG. 3. Agnostus parvifrons Linrs. var. tessella. a, head shield. 06, thorax. 
¢, pygidium, Mag. #. From Div. 1 d', St. Martin’s, N. B. See p. 221. 

Fic. 4. Agnostus umbo. a, head shield. 6, pygidium. Mag., ¢. From 
Div. 1 d', St. Martin’s N. B. Seep. 222. 

Fic. 5. Agnostus obtusilobus. Mag. ?. From Div. 1 d'. St. Martin’s 
N. B. See p: 223: 

Fic. 6. Agnostus Davidis, Hicks. Pygidium. Mag. ?. From Div. 1 d@’, 
Manuel Brook, Newfoundland. See p. 225. 

Fic. 7. Agnostus gibbus, Linrs. var. partitus. Head shield. Mag. #. 
From Div. 1 c*, St. Martin’s, N. B. See p. 227. 

Fie. 8. A. gibbus var. acutilobus. Mag. 2. From Div. 1d!, St. Mar- 
tin’s, N. B. See p. 227. 

Fic. 9. Agnostus Nathorsti, Brogg, var. confluens, n. var. «a, head shield. 
b, pygidium. Mag. ¢. From Div. 1 d!, St. Martin’s, N. B. See p. 230. 

Fic. 10. Agnostus fissus, Lundgr. var. trifissus, n. var. Mag. ¢. From 
Div. 1 d!, St. Martin’s, N. B. Seep. 231. 

Fic. 11. Agnostus punctuosus, Ang. a, head shield. 06, pygidium. 
Mag. #. From Div. 1 d*, Highland Cove, Newfoundland. See p. 232. 

PLATE XVII., AGNOSTUS AND MICRODISCUS. 

Fig. 1. Agnostus levigatus, Dalm., var. terranovicus, n. var. a, head 
shield. 6, pygidium. Mag. +. From Div. 1 d?, Highland Coye, New- 
foundland. See p. 233. 

Fia. 2. A. levigatus var. mammilla, n. var. a, head shield. b, pygidium. 
Mag. +. From Div. 1 d?, Highland Cove, Newfoundland. See p. 235. 

Fic. 3. A. levigatus var. ciceroides, n. var. a, head shield. b, pygidium. 
Mag. +. Found with the preceding. See p 234. 

Fic. 4. Microdiscus Schucherti n. sp. a, head shield. 0, pygidium. 
Mag. +. From Olenellus limestone, Troy, N. Y. See p. 238. 

Fic. 5. Microdiseus Dawsoni, Hartt. a, head shield. 6, same in profile. 
c, pygidium. Mag. #. d, young larval stage, head shield. Mag. 12. 
e, next larval stage, head shield. Mag. 7°. All from Div. 1 c!, St. John, 
N. B. See p. 240. 

Fic. 6. Microdiseus speciosus, Ford. head shield. Mag. #. From 
Olenellus limestone, Troy, N. Y., figured for comparison. See p. 236. 

Fic. 7. Microdiscus precursor. Head shield. Mag. ?. From Div. 1 c?, 
St. Martin’s, N. B. See p. 239. 

Fia. 8. Mierodiscus pulchellus Hartt. a, head shield. 6, same in profile. 
c, pygidium. Mag. +. d, embryonic or Protaspis stage. Mag. 4°. 
e, early larval stage. jf, pygidium of same. Both Mag. 7°. All from Div. 
1d', St. Martin’s, N. B. See p. 242. 



248 TRANSACTIONS OF THE [may 18, 
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INTRODUCTION. 

As one commences field work in the eastern Adirondacks, the 
numerous dikes of the region early thrust themselves on the at- 
tention, and as they are studied and mapped certain facts regard- 
ing their distribution become obvious and demand explanation. 
These facts are more prominently brought out in Clinton county, 
N. Y., where the writer has been at work, than is the case in 
Essex county and in western Vermont, where the dikes have 
been so thoroughly studied by Prof. Kemp, though many of 
them have been noted and published by him. In the writer’s 
opinion they lead so irresistibly to the conclusion that there have 
been two periods of dike formation in the Adirondacks, quite 
widely separate in point of time, that it is deemed wise to pub- 
lish the evidence even though at present it falls short of absolute 
demonstration. 

PRESENT Rock CLASSIFICATION. 

Kemp has recently published the following scheme of classi- 
fication for the rocks of the eastern Adirondacks,* as the best 
that can be done with our present knowledge of the district. 
With the exception here discussed, the writer fully agrees with 
his generalization. 

The series is as follows, commencing at the bottom: 
I. “A gneiss series, usually laminated, but at times quite 

massive. The gneisses almost always contain quartz. The 

*J, F. Kemp, Rep. N. Y. State Geol.., 1893, Vol. I., p. 144. 
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dark silicate is variable and frequently lacking. The orthoclase 
is almost invariably microperthitic. The rocks of this series 
contain the workable iron ores.” 

II. “A series of crystalline limestones and ophicalcites, black 
hornblende-pyroxenic schists and thinly laminated garnetifer- 
ous gneisses.” 

Ill. “A series of rocks of the gabbro family, ranging from 
pure aggregates of labradorite through varieties with increasing 
amounts of dark silicates to basic olivine gabbros. The rocks 
of this series contain the titaniferous iron ores.” 

IV. “A series of Palezeozoic sedimentary rocks, whose oldest 
member is the Potsdam sandstone and whose latest member 
thus far identified is the Utica slate.” 

V. “A subordinate series of igneous rocks that now form 
dikes, and one notable laccolite, and that are later than the 
Utica slate. These consist of ‘trachyte” (bostonite) and of 
basic dikes, mostly diabase.” 

PROPOSED CHANGE IN THE CLASSIFICATION. 

The contention of this paper is that there should be inserted 
between III. and IV. of the above classification a sub-division, 
as follows: 

A subordinate series of igneous rocks that now form dikes, 
that followed after the dynamic metamorphism of the first three 
series and antedated the beginning of deposition of series IV., 
and that in their typical development consist of diabase. 

And furthermore, that from the description of series V. the 
word diabase be stricken out, and that the last sentence of this 
description be made to read that these consist of “trachyte ” 
(bostonite), and of basic dikes, mostly camptonites and mon- 
chiquites. 

THe DIKEs. 

Description.—The various rock species which the dikes fur- 
nish have been recently so fully described by Kemp and Mar- 
sters* that any extended description of them here seems super- 
fluous. A group of acidic dikes of trachytic habit occurs to 
which the name bostonite has been applied. By far the greater 
number of the dikes are quite basic, and are called diabases, camp- 
tonites, monchiquites or fourchites, according to variations in 
mineral content and in structure. 

Distribution.—Perhaps the earliest impression to be gained 
concerning the distribution of the dikes is that they are found 
more frequently cutting the Pre-Cambrian series than the Pa- 

* Bull. U.S. Geol. Surv. 

TRANSACTIONS N, Y. ACAD. ScI., Vol. XV., Sig. 17, Sept. 25, 1896. 
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leozoic rocks. During a portion of the past three summers the 
writer has been at work in Clinton county, and has completed a 
preliminary survey of the county and studied some parts in great 
detail. During the progress of the work 102 dikes have been 
mapped, and these can constitute but a small proportion of those 
which really exist. In addition to these, 12 dikes have been 
described from the county by Kemp*, and two by Eakley, 
which the writer has not seen, making a total of 116 dikes known 
in the county. Out of this large number only five cut the Pa- 
leozoic rocks, yet these latter form the surface rocks over more 
than half the county ,and moreover the half in which the expo- 
sures are easily accessible and in which the detaiied work has 
been done. It should be noted that this discrepancy is by no 
means as marked in Essex county, just to the south, for more 
dikes are recorded there cutting the Palewozic series and the pro- 
portionate amount of territory underlaid by that series is vastly 
less. 

Distribution.—When the dikes are studied and classified 
another fact is brought out. Of the 116 dikes known in Clinton 
county, 11 are bostonites, 2 camptonites, 3 monchiquites, and the 
remaining 100 are diabases, though these latter vary toward the 
camptonites and monchiquites, and some of them show abnormal 
features. The diabase dikes far-outnumber all the rest, and are 
confined to the Pre-Cambrian rocks. A tabulation of the dikes 
described by Kemp from Essex county, and from the Vermont 
shore of Lake Champlain, brings out the same features.{ 58 
dikes are noted from Essex county, of which 48 are diabases, all 
of which cut the Pre-Cambrian rocks. 45 dikes are recorded 
from the Vermont shore,all in Palzeozie rocks, and of these but 
one has been recorded as being of diabase.§ This latter is of es- 
pecial interest as being the only recorded instance in the district 
of a dike of well-marked diabase cutting rocks more recent than 
the gabbo. The bostonites are found cutting everything from the 
gneiss of series I. to the Utica slate at the summit of series V. 

The distribution of the more basic dikes is puzzling. Of the 
non-feldspathic fourchite-monchiquite series but a single dike is 
known in the Pre-Cambrian rocks, viz., the dike of fourchite 
found by Kemp in the gabbro of Bouquet mountain, Essex 
county. But the total number of these dikes known from the 
New York side of the lake is not large, ail those described by 
Kemp, with the exception above noted, being found in Vermont. 

*J.F. Kemp. Bull. 107. U. S. Geol. Surv. 
+A. 8S. Eakle. Am. Geol.. July, 1893. pp. 31-36. 

* +{Bull. 107. U.S. Geol. Sury., pp. 54-59. Those described since the appearance of 
the pene merely increase the number of diabase dikes. 

2 Bull. 107. U.S. Geol. Surv. p. 48. 
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The typical camptonites are apparently confined to the Paleo- 
zoic rocks. This peculiarity of distribution, coupled with the 
close agreement in chemical composition between the viabases 
and the camptonite sand with the fact that they seem to grade 
into one another lead Kemp to the idea that the difference be- 
tween the two were due mainly to variations in the physical 
conditions under which solidification took place.* Under the 
circumstances it becomes a difficult matter to decide whether 
any of the Pre-Cambrian, camptonite-like diabases should be 
classed with these later camptonites or not. We certainly should 
expect to find them, or their representatives, in the earlier rocks, 
unless we accept the notion that the diabases in toto are their 
representatives, thus precluding two periods of dike formation. 

Not only are the diabase dikes more abundant, but they are 
far more widespread than the others. As work is pushed west- 
ward into the Adirondacks, they are everywhere found. The 
other dikes seem however to have had their main centre of ac- 
tivity in western Vermont, and to decrease rapidly in a 
going north and west. 

Their Scarcity north of the Adirondacks.—In order to fully 
demonstrate the existence of a Pre-Cambrian period of dike 
formation in the region under discussion, it will be necessary to 
find dikes which are cut off by the Potsdam sandstone, such as 
have been recently described by Smyth} from the Thousand 
Islands. Such a case has not yet been met with. During the 
past field season the writer mapped the Potsdam—Pre-Cambrian 
boundary from Lake Champlain west to the Franklin county 
line, along the northern edge of the Adirondacks. Along the 
entire distance no actual contact between the two rock series 
was seen, though in several instances gneiss or gabbro and coarse 
basal conglomerates were found within a few feet of one another. 
Though in this respect the work was disappointing, it was during 
its progress that the idea of two periods of dike formation 
changed from a working hypothesis into a matter of conviction. 
The boundary here has a very different character from that along 
Lake Champlain. From the outlying gneissic ridges a high 
level plain slopes away toward the St. Lawrence valley, occupy- 
ing all the northern part of Clinton and Franklin counties and 
a great area in Canada, with nearly horizontal Potsdam sand- 
stone as the surface rock throughout, and with coarse basal con- 
glomerates invariably appearing in force as the contact is 
approched. Along the lake on the contrary there is a much 
faulted strip, the descent to which from the outlying ridges of 

* Bull. 107. U. S. Geol. Surv. p. 27. 
+C. H. Smyth, Jr., Trans. N. Y. Acad. Sci. Vol. XIII., pp. 209-214. 
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the older rocks is in the main quite abrupt; in which within 
short distances the Potsdam may be found in patches at heights. 
varying from the lake level (101’ A. T.) to 1500’; in which it is 
not always the Potsdam that is in contact with the older rocks; 
in which basal conglomerates are infrequent, and in which a 
large number of the contacts are unquestionably due to fault- 
ing; in which therefore decisive evidence as to the age of the 
dikes would not be likely to be forthcoming. But the evidence 
on the north is most important. 

All along the northern contact line dikes are of frequent oc- 
currence in the older rocks, and as abundant close to the con- 
tact as away from it. In the wide expanse of Potsdam country 
north of the contact not a single dike has been noted, though % 
careful watch was kept for them, and exposures are frequent 
and often of great areal extent, as in the Flat Rock district, in 
Altona township. In the absence of any specific case of a cut- 
off, this evidence seems very strongly to point to the pre-Pots- 
dam age of the dikes in the older rocks. 

SUMMARY. 

A pre-Cambrian as well as a post-Ordovician period of dike 
formation in the Adirondacks and along Lake Champlain is 
rendered probable because of (1) the much larger number of 
dikes occurring in the pre-Cambrian rocks; (2) the fact that the 
great proportion of the dikes so occurring are of diabase, while 
diabase dikes are not found outside of the pre-Cambrian areas, 
and have a much wider distribution than the other dikes which 
do so occur; (3) the fact that along the line of contact of the 
Potsdam with the older rocks north of the Adirondacks the 
quite plentiful diabase dikes in the older rocks are apparently 
cut off by the Potsdam. 

WESTERN RESERVE UNIVERSITY, 
March 25, 1896. 

THE STRATIGRAPHICAL RELATIONS OF THE 

BROWN’S PARK BEDS OF UTAH. 

By Joun Duer IRvina, A. B. 

(Read May 18, 1896. ) 

Until a comparatively recent date the science of vertebrate 
paleontology was based largely on the study of fossils obtained 
from European and other foreign localities. Between 1871 and 
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1873, however, the investigations begun by Leidy, Marsh and 
Cope in the Tertiary lake basins, which form so prominent a 
feature in the geology of the western interior, revealed the 
presence of vertebrate fossils on the American continent. <A 
further study of these fossils showed them to be of great scien- 
tific value, and many paleontologists turned their attention to 
their collection and study. This gave a great impetus to the 
science of vertebrate paleontology, and led to the discoveries 
of Cope, Marsh, Osborn, Scott, Wortman and many others, at 
the same time resulting in a thorough and exhaustive study of 
the faunal relations and geology of the various members of the 
western Tertiary. The White River Miocene of South Dakota, 
the John Day beds of Oregon, the Deep River beds of Montana, 
the Bridger and Washakie basins of southern Wyoming, the 
Uintah beds of Utah—all these were thoroughly searched and 
explored by the fossil gatherers. No Tertiary was left unex- 
plored, and paleontologists were eager to find fresh fields for 
discovery. It was thus natural that their attention should be 
attracted by a series of shales situated in northern Utah, at the 
eastern extremity of the Uintah Mountains, a formation that 
had been for a long time known to geologists, but one which 
they had not as yet been able to identify. I refer to the beds 
known under the name of Brown’s Park. A thorough search of 
these beds was then made, for it was thought that, as they were 
of an entirely different nature from any Tertiary in the region, 
such vertebrate remains as might be there discovered would 
prove to be of great scientific value. 

The result was—and it is this fact perhaps that has been the 
cause of the many conflicting opinions concerning the beds— 
that as a source of vertebrate fossils the Brown’s Park was an 
absolute failure. The formation is throughout entirely barren. 
Not only have the bones of mammals not yet been discovered, 
but, with the exception of a few moilusca, not even an inverte- 
brate. 

As a geological question, however, in proportion as their bar- 
renness has become more evident, the interest in the beds has 
increased, and it is the purpose of this paper to set forth a few 
of the more important facts connected with them. 

Geographically considered the formation is situated in north- 
eastern Utah at the eastern extremity of the Uintah Mountains. 
The Green River which is the great drainage factor of this part 
of the country flows south through southern Wyoming, cuts 
into the edge of the Uintah fold and takes a sharp bend to the 
east. It pursues this easterly course for some 50 miles, and 
finally sweeps around to the south again, crosses the axis of the 
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Uintahs and emerges into the low lands of the Uintah Valley. 
It is a valley along the eastern portion of this bend in Green 
River that has received the name of Brown’s Park. (See Plate 
XVIII.) 

Along the axis of the Uintah Mountains, which have a nearly 
east and west tend, is exposed the hard, metamorphosed sand- 
stone, known as the Weber quartzite or Uintah sandstone. At 
the eastern extremity of the range this exposure divides, send- 
ing out two long, eastwardly projecting spurs, one of which 
passes along the northern, the other along the southern border 
of Brown’s Park valley. Of these the southern is by far the 
broadest and forms the real axis of the range, while it is at the 
same time much the longer of the two. We havethus a roughly 
outlined valley somewhat resembling the letter U, tilted on one 
side with its open end towards the east and the upper arm some- 
what shorter than the lower. 

Across the open end of the U runs the low divide that sepa- 
‘rates the drainage areas of the Green and Little Snake rivers, 
while between this divide and the upper, shorter arm flows Ver- 
milion Creek, a stream which must have played no inconsider- 
able part as a silt bearer in the formation of the Brown’s Park 
beds. 

To the north of the mountains lie the Bridger and Washakie 
basins, where the entire series of Eocene tertiaries are exposed, 
but most noticeably the beds of the Bridger epoch. These two 
basins are drained, the one by the Green river and the other by 
Vermilion creek and it seems probablé that these formations 
furnished much of the material of which the beds in Brown’s 
Park are composed. 

The last named beds themselves come in contact with two 
formations in the valley and perhaps a third at the open end. 

The first is the Weber quartzite before mentioned and it is 
directly against the eroded flanks of this hard rock that the 
Brown’s Park is seen to rest. 

The second is a narrow strip of Green river shales which 
sweeps around the upper arm of the valley and runs along its 
northern edge, forming what is known as O-wi-yu-puts Plateau. 
These shales dip to the south from 18° to 25° and can be seen 
passing unconformably under the Brown’s Park. 

The third formation is perhaps a portion of the Green river 
shales or it may be another and later tertiary. It forms the 
divide between the drainage areas of Little Snake river and Ver- 
milion creek, which we shall for convenience call the Snake 
river divide. This divide is, however, so covered by accumula- 
tions of soil that the true relations of the beds within the park 
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and those to the southeast could not be made out. It has been 
supposed by some geologists that the Brown’s Park group sad- 
dled across this divide and extended far to the southeast, but 
the different lithological character of the beds there exposed, as 
well as their resemblance to the Green river shales, seems to in- 
validate such a theory. 

Lithological Characters.—The lithological characteristics of 
the Brown’s Park are exceedingly peculiar and are entirely dif- 
ferent from those of any other tertiary in the region. The most 
characteristic strata are composed of a very soft, friable, silicious. 
silt, everywhere thinly bedded and throughout highly calcareous. 
They differ entirely from those of the Bridger group to the north 
of the mountains and the Uintah to the south, in containing: 
comparatively little clay and being everywhere very soft. The 
Bridger is characterized by a grayish or greenish tinge and the 
Uintah by a prevailing brownish-red color, whilst the Brown’s 
Park is always white. The most important difference, however, 
is in the texture. 

All the Eocene formations in the Green River Basin contain, 
besides their softer strata, seams of a hard compact sandstone 
of either a deep green, brown or yellow color. These seams 
never appear in any part of the Brown’s Park beds. The latter 
are everywhere the same, soft, friable mass which crumbles 
easily in the fingers and offers almost no resistance to erosion. 
For.so soft a formation, indeed, the beds are eroded surprisingly 
little, and one is tempted to wonder, on entering the park, how 
beds of such a nature could have withstood the degrading forces 
of nature for so long a time. Beds of conglomerate also occur, 
but these are confined to the edges of the valley, and since they 
are composed almost wholly of quartzite pebbles were obviously 
derived from the surrounding cliffs of Weber quartzite. 

Geological Age.—In regard to the geological age of the beds 
great difference of opinion has prevailed. King,in studying 
them, did not venture to assign them to any age. He remarks :* 
“The area enclosed between Vermilion Bluffs, Brown’s Peak, 
the Escalante Hills and Snake River is one in which the rela- 
tions of the Tertiary are involved in much obscurity. It is a 
region which has suffered extensive faults and extraordinary 
erosion and is for the most part largely covered by deep accu- 
mulations of soil. It is certain that at some point in Vermilion 
Bluffs the Green River strata occupy the surface, and we are 
unable to observe any break, from Vermilion Bluffs southeast- 
ward into Brown’s Park. The rocks in Brown Park are also in 
great measure covered by local accumulations of soil. Through- 

* U. S. Geological Exploration of the Fortieth Parallel, page 384. 
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out the southern part of the valley, wherever exposed, the Terti- 
aries are seen to be approximately horizontal and to be com- 
posed of soft friable beds. Along the north wall of the valley, 
however, there is a sharp break and the Tertiary rocks which 
come to the surface lie immediately against the quartzitic sand- 
stones of the plateau and dip to the south at an angle of 25°. 
They are of a rather coarse, gritty character, containing many 
pebbles, and are prevailingly calcareous. They are unlike any 
Tertiary in the region ; but from their calcareous nature, the fact 
of their being upturned at so high an angle, and their apparent 
connection with the series which sweeps around the eastern end 
of O-wi zu-kuts Plateau, they are assigned by Mr. Emmons to 
the Green River age. There seems to be a decided difference 
between the strata which are seen uptilted along the base of 
O-wi-zu-kuts Plateau and the soft, white, friable, horizontal beds 
of the valley itself, which are seen to extend eastward well to- 
wards the divide, separating the valley of Vermilion Creek 
from that of Little Snake River. It is notimprobable that there 
are two distinct members here—the Green River, which is seen 
inclined along the northern edge of the park, and a more recent 
horizontal member assigned to a special group by Powell and 
which overlies the beds we have referred to the Green River 
age. 

S. F. Emmons* classed the whole series as Green River shales, 
but he seems to be more uncertain than King as to their real 
geological horizon, for he says: “There is a possibility also 
that the upper beds of Brown’s Park, which have been colored 
as Green River Eocene on the map, may prove, on further in- 
vestigation, to be of Pliocene age.” 

He further states in a foot-note: ‘‘ Since the above was writ- 
ten it has been reported that fossils of a Pliocene type have 
been found in the Tertiary beds of Brown Park.” 

Charles A. White,} who has most recently studied this region, 
regarded the whole series as equivalent to the Uintah or latest 
Eocene beds which are exposed to the south of the mountains. 
He further colors the beds on the map accompanying his 
report as extending far to the southeast along the Yampah 
River. He has, however,advanced no facts to support his theory 
concerning their age and seems to be somewhat undecided in 
the matter. I will quote what he has to say on the subject :{ 
“The Tertiary strata of this district are divided into four 
groups. The three lower ones are usually referred to the Eocene 

=U; = Geological Exploration of the Fortieth Parallel. Vol. II., p. 205. 
+ U: er Geclorieal Exploration of Fortieth Parallel, Vol. II., page 224. 
~U. S. Geological Survey. Ninth Annual Report, page 690. 
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without hesitation, while the upper (meaning the Brown’s Park) 
is sometimes referred to the Eocene, sometimes to the Miocene 
and sometimes to the Pliocene.” ‘The Brown’s Park group is 
regarded as equivalent to the Uintah group of King. The latter 
name was given by King to those strata of the group that occur 
on the south side of the eastern end of the Uintah Range; but 
he did not recognize those upon the north and east as being dif- 
ferent from the Green River group.* He then describes the 
beds and notes their non-conformity with those formations with 
which they come incontact. This is all he has to say concerning 
them. He does not say why he has classed them as Uintah. 

In the face of so many conflicting opinions, it has been diffi- 
cult to arrive at any conclusion as to the true geological age of 
the Brown’s Park, and it was partly with a view to obtaining 
some fossils that would definitely settle the question that a 
party from the American Museum of Natural History entered 
the park during the past summer. A week’s diligent search, 
however, failed to reveal the presence of a single fossil, verte- 
brate or invertebrate, with the exception of a few small frag- 
ments of bone that were not large enough for identification. 
‘These fragments were, nevertheless, carefully examined by Dr. 
Wortman, of the Museum, and he is of the opinion that from the 
condition of the bone it could not have been deposited earlier 
than the Pliocene or at most the Loup Fork Miocene. This 
coincides with the views of King and Emmons which I have 
‘quoted, and certainly seems to invalidate the supposition of 
White that the beds are of Eocene age. 

Regarding the southeastern extension of the beds, it is to be 
observed that the relations of the portion included in Brown’s 
Park Valley and that to the southeast of the Snake River divide 
are much obscured by local accumulations of soil. It seems, 
however, probable, as has been already observed, that we have 
here two distinct formations : one composed of the white silicious 
beds, which occur in Brown’s Park, and are apparently of a much 
later age than any Tertiary heretofore observed in the Green 
River Basin; the other comprising the more coarsely bedded 
and darker shales to the southeast. The latter so strongly re- 
semble the Green River Shales that they were not differentiated 
by King nor Emmons, and it seems not improbable that they 
may belong to that group. This, however, is an open question, 
and until a closer study has been made than it was the writer’s 
fortune to bestow upon it, any positive statement would be 
premature. 

* Loc. Cit., page 691. 



258 TRANSACTIONS OF THE [may 18, 

The important points of this discussion may then be summed 
up as follows: 

First. The formation in Brown’s Park Valley is lithologically 
different from that to the southeast. 

Second. The southeastern portion resembles the Green River 
Shales. 

Third. The Brown’s Park is softer and more friable than any 
Eocene Tertiary yet observed, and is surprisingly little eroded 
for even a Pliocene formation. 

Fourth. The fragments of bone discovered were not deposited 
earlier than the Loup Fork Miocene. 

From these facts it may be inferred that the beds in Brown’s 
Park Valley represent a Pliocene Lake, which was included be- 
tween two steep quartzitic cliffs and stretched east only as far 
as the Snake River divide. 

Having assigned the beds to the Pliocene, the question natu- 
rally arises: How can we account for the presence of these beds 
—isolated in position and distinct in character from any Ter- 
tiary in the region—and yet lying directly along the course of 
the great drainage factor of the country, Green River? If they 
were deposited in a lake that did not exist until all the other 
Tertiary lakes had disappeared, how do we account for the 
appearance and later the subsidence of this Pliocene lake? The 
explanation lies in the peculiar physiographic position of the 
sediment. It lies, as previously stated, in the U-shaped valley 
formed by the two eastwardly projecting spurs of Weber quartz- 
ite that form the inceptive portion of Uintah fold. The Green 
River cuts into the fold at Horseshoe Canon, some 30 miles 
to the west of the valley, flows east in a deep canon along the 
edge of the quartzite and emerges into the park at the vertex of 
the U. Thence it runs along the low valley for some twenty 
miles only to sweep around to the south and again enter the 
quartzite by the Canon of Lodore, one of the boldest and deep- 
est canons of the Rockies. 

It is a fact no longer disputed that these deep cafions in the 
quartzite by which the river crosses the mountains were first 
established in the softer overlying formations and that these 
formations furnished much of the corrasive material by means 
of which the harder rocks were cut away. As long as the river 
had only these soft rocks to deal with, the forces of erosion and 
elevation balanced each other, and the bed of Lodore Cafion re- 
mained upon the same level as the bottom of the valley. But 
somewhere near the close of the Miocene the forces no longer 
balanced each other. The greater resistance of the hard crystal- 
line quartzite, combined with the gradual elevation, prevailed 



1896. ] NEW YORK ACADEMY OF SCIENCES. 259 

over the erosion; and the bottom of Lodore, which formed the 
only outlet to the park, rose many feet above the valley, bank- 
ing up the waters of the river into a lake. 

Slowly this lake increased in size and stretched out over the 
valley of Brown’s Park until the gradual cessation of those oro- 
genic movements that elevated the Uintah range again threw 
the balance on the side of erosion, causing the lake as slowly to 
subside and disappear. It may at first seem strange that a sim- 
ilar damming of the river did not take place at Horseshoe Cafion 
where the Green River enters the fold; but an explanation of 
this lies in the relative position of the two cafions. That by 
which the river enters the park lies on the edge of the fold; its 
exit, on the other hand, cuts directly through the axis of the 
mountain. It is evident ata glance that the point where the 
river first began to cut into the quartzite was in this axis, z. ¢., 
in the point of earliest elevation. Therefore the erosion in the 
long cafion on the edge of the fold would have had only the 
uppermost and least crystalline strata to deal with when Lodore 
had already penetrated far within the hard, metamorphosed core 
of the formation. 

It is here that the importance of our observations concerning 
the dip of the beds in the valley becomes apparent. The per- 
fect horizontality of the Brown’s Park beds throughout their 
entire extent shows that it was not until the elevation had 
ceased that Lodore was again cut down to its old level and the 
waters of the lake allowed to escape. 

The sharp dip to the south of the exposures of Green River 
Shales on the northern edge of the park, on the other hand, 
shows that they were involved in the fold and that the elevation 
must have continued long after the Green River Lake had become 
a thing of the past. 

CoLumBIA CoLLecE, May, 1896. 

EXPLANATION OF PLATE. 

Plate XVIII. Geological Maps of the Region about Brown’s Park, Utah. 
The geography is based on the map by C. A. White, in the Ninth Annual 
Report of the Director of the U. S. Geological Survey. 
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THE GENETIC RELATIONS OF CERTAIN MINERALS 

OF NORTHERN NEW YORK. 

By C. H. Smyta, JR. 

To mineralogists few locality names are more familiar than 
those of the northwestern portion of the Adirondack area of 
crystalline rocks, comprising parts of St. Lawrence, Jefferson 
and Lewis counties, N. Y. Every large collection contains 
numerous specimens representing these localities; while their 
importance is further demonstrated by abundant descriptions, 
analyses and figures in mineralogical text-books and in various 
journals. In this literature much information is given as to the 
crystallographic, physical and chemical characteristics of the 
different minerals; but little has been published as to their 
origin and associations. The present paper is concerned with 
this latter phase of the subject, being, however, only a brief. 
consideration of a few special cases, rather than a comprehensive 
survey of the entire field. It is hoped that future study may 
afford the basis for a more extended account of the mineral oc- 
currences, with their classification upon a genetic basis; but at 
present the available data are insufficient for this purpose. 

It seems rather surprising that this line of investigation has 
not been previously followed up, as the minerals have been so 
long and so widely known. But the same might be said of many 
other localities, and is to be explained by the fact that mineralo- 
gists so generally confine their studies to the laboratory, while 
geologists devote their attention chiefly to minerals of petrologic 
or economic importance. Perhaps, however, the most potent cause 
for the neglect of this field lies in the fact that in so many cases 
the data obtainable are insuflicient to afford a satisfactory ex- 
planation of the origin of the minerals. As a result of these 
combined causes, many occurrences remain unstudied that might 
shed much light upon the questions of mineral association and 
genesis. 

The localities here considered belong to a class interesting to 
geologists and mineralogists alike, as they are important in 
shedding light upon some phases of the geologica) history of 
the region, while, at the same time, they afford a rich field for 
mineralogical study. 

It is only necessary to read Dana’s list of the mineral locali- 
ties of the region to find a suggestion of some of the laws of 
association as well as a clue to possible origin. Galena, pyrite 
and, less often, sphalerite, commonly occur together in a gangue 
of calcite and other carbonates, pointing clearly tosome kind of 
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vein formation. The large masses of hematite with minor car- 
bonates, quartz, millerite, etc., are suggestive of extensive 
metasomatic action. The widely diffused phlogophite, graphite, 
tremolite, etc., in the crystalline limestone are evidently a prod- 
uct of regional metamorphism. ‘The beautiful tourmaline, with 
associated quartz, pyroxene and other silicates, may, with some 
probability, be referred to fumarole action. But perhaps the 
most striking association is that found at many localities, and 
involving all or several of the following minerals: pyroxene, 
scapolite, phlogopite, titanite, amphibole, orthoclase, albite, 
wollastonite, graphite, zircon. Of these, the first five are ap- 
parently most common. For such an association as this, con- 
tact metamorphism at once suggests itself as a probable cause. 

But while conclusions drawn from a mere statement of the 
simultaneous occurrence of species have a certain value as in- 
dicating lines of investigation, they can not, of course, be re- 
garded as anything but tentative until tested by field study. 
And, as a matter of fact, while the field relations of some locali- 
ties prove to be precisely what might be predicted from a knowl- 
edge of the occurring minerals, in other cases the relations are 
of a doubtful or even contradictory nature. It is hoped that 
the study of typical and clearly-defined instances of the different 
classes of mineral occurrences may furnish data for the inter- 
pretation of the more uncertain cases, and for, at least, a partial 
formulation of the laws of association as related to origin. For 
the present, the discussion will be limited to the last group of 
minerals referred to above, dealing first with a few typical ex- 
amples and then taking up some of the doubtful cases. 

The chief locality in question is mentioned in Dana’s list, being 
on the Martin farm in Rossie, some two miles north of the vil- 
lage. Blasting has been done here, so that the minerals are well 
shown, forming an irregular mass several yards in diameter. 
The prevailing minerals are pyroxene, phlogopite, scapolite, cal- 
cite and titanite, with minor apatite, tourmaline and quartz. 
The pyroxene is in large crystals, two or three inches in diame- 
ter, of a dark green or black color. The scapolite is also in large 
crystals, with prisms of first and second orders about equally 
developed. The color is generally gray. The composition is 
probably near that of wernerite. The mica is in large, irregular 
masses of a very dark brown or black color. The tourmaline 
is black, and in small crystals not very abundant. The titanite, 
in very small crysfals of a rich cinnamon brown color, is mostly 
deposited upon the other minerals, with the exception of the 
coarse calcite which encloses and fills the cracks between all of 
the others. 
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As stated above, this is a grouping of minerals that might be 
regarded as probably of contact origin. At first sight, the form 
of the mineral deposit seems opposed to this explanation, but 
the objection disappears upon closer examination. For while 
the deposit is an irregular mass, rather than a clearly-defined 
band or zone, it is found to be continuous with such a zone, of 
which it is a local expansion. When the surrounding rocks are 
examined the mineral deposit and the zone of which it is part 
are found to lie between crystalline limestone and a rock of 
totally different character, which, at some points, would be called 
a gneiss, while, at others, it has more the aspect of a massive 
rock, though the gneissoid structure is seldom entirely lacking. 

The occurrence of the minerals upon such a contact, when 
taken in conjunction with their nature, is highly suggestive of 
their formation by contact metamorphism; and that such is 
actually the case is thoroughly demonstrated both by the struc- 
tural relations of tbe rocks in the field and by the character of. 
the gneissoid rock as revealed by the microscope. This rock 
forms rather thin sheets or beds in the limestone, presenting 
much the aspect of interstratified layers; and this, with the 
gneissoid character, at first leads to the idea that the rock is a 
metamorphosed sediment. But when the sheets are traced 
along the strike they are found to cut across and break through 
the limestone in such a way that they must be regarded as in- 
trusive. This is an important point bearing upon other occur- 
rences of a similar nature where the true relations are less 
clearly exhibited. 

Thin sections of the gneissoid rock entirely substantiate the 
conclusion that it is of igneous origin. It consists of horn- 
blende, biotite and plagioclase, with considerable titanite, some 
apatite and occasional grains of garnet. The hornblende some- 
times contains a little colorless pyroxene, evidently all that is 
left of larger amounts of the mineral that have changed to horn- 
blende. This fact, coupled with other cases in the region, sug- 
gests that the rock may have been originally a gabbro; but there 
is no proof that such was the case, and it must be classed as a 
hornblende-mica diorite. The grain and structure vary consid- 
erably, the finer varieties resembling in structure the “ granulitie” 
gneisses, while the coarser have a typical igneous structure. 
In these the plagioclase is slightly older than the ferro-magne- 
sium minerals, so that it shows a rough approximation to lath- 
shaped individuals, while the hornblende and mica have irregular 
outlines, somewhat conditioned by the plagioclase. There is.a 
strong resemblance to the gabbroitie structure figured by Rosen- 
busch. 
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The mineral composition and structure of the rock revealed 
by the microscope would be sufficient to establish its igneous 
nature in the absence of all supporting field evidence. <As 
it is, the proof is complete. This leads at once to the con- 
clusion that the minerals of this locality have been formed by 
contact metamorphism, where an intrusive rock of intermediate 
composition breaks through a limestone. All of the phenomena 
are so clearly exhibited that it seems impossible to arrive at any 
other conclusion, and the locality is, for this reason, of much 
importance as a standard of comparison. At the same time, the 
bedded aspect of the intrusive, its gneissoid character, and the 
great variation in the width of the contact zone, all point out 
lines along which the phenomena might be so modified as to in- 
troduce much obscurity in the relations of mineral occurrences 
of like origin. 

The last mentioned point, in particular, needs further consid- 
eration. As stated above, the mineral body is part of a zone 
which follows the contact of the diorite and limestone. But 
through most of its extent this zone is very narrow, ranging froma 
few inches down to almost complete disappearance, and consist- 
ing of a fine coccolitic mass, instead of the large crystals of the 
main body. To account for such wide variation in the amount 
of mineral development, it seems necessary that there should be 
corresponding variation in the rocks involved, or in some other 
factor in the process. ‘The first proposition can not be admitted, 
as both the diorite and the limestone are entirely too homo- 
geneous to allow the required amount of variation. The alter- 
native raises the question as to how much of the contact action 
is due to heat alone,and how much to the effects of heated 
solutions and gases. This question seems to be quite definitely 
answered by the phenomena of occurrence already described. 
The narrow band of coccolitic material which marks the whole 
contact may well be the result of heat acting upon the limestone, 
accompanied by a slight transfusion of material from the diorite. 
but without the intervention, to any great extent, of other 
agents. But it is very difficult to account for the sudden ex- 
pansion of the belt intoa large mass of finely developed min- 
erals, unless it has resulted from a concentration, et this point, of 
heated solutions rich in mineralizing agents. 

As to the cause of this concentration, it is impossible to come 
any closer than to say that, doubtless, there was here a line of 
minor resistance which afforded a channel for the transmission 
of the solutions. That the mineral mass could not result from 
the rearrangement of materials in the limestone is apparent from 
an examination of the latter rock. It is a fairly pure mass of 
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carbonate of lime, probably with considerable magnesia. The 
minerals, on the other hand, are chiefly silicates of lime, mag- 
nesia, iron and alumina, while there are also present titanium, 
phosphorus, boron, etc., in less amounts. The coarse calcite is 
clearly a product of recrystallization and the structure of the 
mass is totally different from that of the limestone. It is evi- 
dent that the minerals must be a product of the commingling of 
material derived from depth with the constituents of the lime- 
stone, not by fusion, but by the intervention of solutions. And 
yet, while it is impossible to avoid the conclusion that there has 
been this transfer or “ migration” of material, the phenomena are 
quite in harmony with the view that such transfer is limited in 
extent. For its effects are conspicuous only at this one point 
on the contact, and even here the action is confined to an area 
of a few yards, while, as above stated, the contact zone as a 
rule is extremely narrow. Similar facts are exhibited at many 
other points in the region. 

Nevertheless, in other cases, as will appear later, there seems 
to have been a migration of material to considerable distances, 
although even then the mineral deposits are quite clearly de- 
fined. No fixed rule appears to exist, and instances of the latter 
kind find their opposite in cases where the limestone is un- 
changed. But when the latter is true the intrusive rock itself 
is commonly modified near the contact, very often carrying a 
large amount of titanite. An example of this is shown by a 
granite a short distance south of the locality under considera- 
tion. Two probable causes for this limited change suggest them- 
selves: the purity of the limestone, and the fact that it is highly 
crystalline throughout. These two conditions require the addi- 
tion of foreign material, together with the heat, in order that any 
marked effects should result. 

The process suggested has much in common with fumarole 
action, and it can hardly be fortuitous that, together with typical 
contact minerals, there is associated the common fumarole prod- 
uct tourmaline. The same association appears elsewhere in 
the region, and, as a matter of fact, it is difficult to distinguish 
clearly between contact and fumarole action. It seems, then, 
justifiable to go a step further in tracing the genesis of the min- 
erals under consideration, and to conclude that not only are 
they contact products, but that heated solutions and gases have 
been of prime importance in their formation. 

Summarizing briefly the phenomena exhibited in this locality 
and bearing upon the problems of mineral genesis and associa- 
tion: Pyroxene, scapolite, phlogopite, mica, apatite, titanite, 
quartz, tourmaline and coarse calcite have been formed as con- 



1896. | NEW YORK ACADEMY OF SCIENCES. 265 

tact products, where diorite breaks through crystalline limestone. 
Heated solutions and gases have been the immediate agents of 
mineral growth, and their action has been so concentrated that 
the minerals have, for the most part, developed in a large mass, 
instead of an extended zone. 

Similar phenomena are shown at a point a few rods south of 
the locality above described, but with some considerable varia- 
tions. The same minerals occur, with apatite and pyroxene de- 
cidedly predominant, the former species in particular appearing 
in quantity, while at the first locality it is quite inconspicuous. 
The minerals form a coating upon a nearly vertical wall thirty 
to forty feet long and about twelve feet high. This large surface 
is so completely covered with interlocking crystals of the vari- 
ous minerals that the rock composing the wall is entirely con- 
cealed from view. Apatite and pyroxene in crystals sometimes 
reaching a length of six inches are, as already stated, the conspic- 
uous species shown, feldspar, scapolite, phlogopite and titanite 
being less abundant. The rock upon which the minerals are 
supported is of a dark gray color and has the appearance of a 
oneiss or a plutonic rock. The material which has split off so 
as to expose the face with the minerals is a crystalline lime- 
stone. The structural relations of these two rocks are precisely 
the same as those shown by the diorite and limestone of the 
first locality, and there can be no doubt that they result from 
the intrusion of the gray rock into the limestone. Sections of 
the gray rock do not, as in the previous case, give positive evi- 
dence in support of this view; neither, on the other hand, do 
they offer anything against it. The rock is a granular aggre- 
gate of feldspar with bright green pyroxene, a little hornblende 
(probably secondary), some biotite and considerable titanite. 
The feldspar is, in most sections, largely twinned, but some un- 
twinned grains are always present and occasionally they become 
most abundant. Thus the rock might be classed, so far as this 
evidence goes, as a rather acid gabbro, or perhaps as a member 
of the intermediate group of monzonites. So far as structure is 
concerned, it might be either an igneous rock or one of the 
pyroxene gneisses of doubtful origin. But the field evidence is 
sufficient to establish its igneous nature, while its structure is 
closely analogous to parts of the Russell gabbro recently 
described by the writer,* and it is not improbable that further 
investigation might show the rock to be of this nature. But for . 
present purposes it is sufficient to know that it is intrusive, for 
this establishes clearly the origin of the second group of min- 
erals. It is another instance of contact action; and while the 

* Am. Jour. Sci. (4) I., p. 278. 
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production of minerals is not confined so closely to a limited 
area, still the well-developed crystals are limited to a small part 
of the contact zone,and there can be no doubt that their 
formation was largely dependent upon the presence of heated 
solutions and gases. The abundance of apatite is in harmony 
with this conclusion, this mineral being so often a product of 
pneumatolytic action. 

In both cases described, the large size and perfection of the 
crystals may result in part from the influence of mineralizers, 
as suggested by Williams* for pegmatites, and in part from a 
slow growth. The influence of mineralizers can hardly be ques- 
tioned, while a rather slow crystallization is also probable. At 
the time of intrusion the surrounding rocks would be quickly 
heated, and the normal contact zone would develop as a result. 
But heated solutions would continue to circulate during the 
entire period of slow cooling, and along the lines of ready trans- 
mission the limestone would gradually give place to new minerals. 
Such conditions would, judging from experimental data, be 
favorable to the growth of large crystals. 

Before passing from these clearly defined cases of the forma- 
tion of important mineral masses by contact metamorphism to 
more doubtful and obscure occurrences, brief mention may be 
made of previously described localities.+ The well-known 
minerals of Natural Bridge are, for the most part, on the con- 
tact between limestone and an intrusive rock of variable com- 
position, which, in the absence of careful investigation, has been 
tentatively called gabbro. The minerals of these contacts are 
pyroxene, orthoclase, mica, scapolite, wollastonite, titanite, 
zircon and calcite. This is an association quite similar to that 
of the Rossie localities, though lacking apatite and tourmaline, 
and having instead wollastonite and zircon. The contact nature 
of the masses is perfectly clear and the same concentration of 
mineral development at certain points is well shown. 

In the localities thus far described, the association of 
species is such as to suggest at the outset their formation by 
contact metamorphism; and in the foregoing pages the effort 
has been made to show that this is actually the case. The data 
derived from these clearly-defined instances afford a basis for 
the consideration of occurrences where the phenomena ac- 
tually shown render a direct determination of origin impos- 
sible. The analogy is sometimes so complete that conclusions 

*G. H. Williams, General Relations of the Granite Rocks in the Middle Atlantic 
Piedmont Plateau. XY. Ann. Rept. U.S. G.S., p. 684. 

+ C. H. Smyth, Jr., The Crystalline Limestones and Associated Rocks of the N. W. 

Adirondack Region. Bull. Geol. Soc. Am. VI., p. 279. 
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drawn from it may be regarded as extremely probable, while in 
other cases much doubt remains. 

The well-known black tourmaline locality of Pierrepont af- 
fords an instance of this kind. The tourmaline, with asso- 
ciated pyroxene, phlogopite, quartz and calcite, occurs in irregu- 
lar masses in crystalline limestone. These masses are scattered 
and clearly not upon any line of contact. Nevertheless, the gneis- 
soid rock which appears at the other localities is represented 
here, appearing a few rods to the north. Itisa dark, basic look- 
ing rock ranging from distinctly gneissoid to fairly massive. 
It cannot be traced without break to the limestone, but where 
it should come in contact with the latter a much finer rock of 
a dark color appears. This fact is important, for if the gneiss 
is intrusive its marginal portion would naturally be finer. 
Sections of the gneiss show it to be made up of plagioclase and 
pyroxene, both monoclinic and orthorhombic, together with 
garnet and various accessories and alteration products. It has 
every appearance of being a somewhat metamorphosed gabbro. 
It can hardly be a mere coincidence that the minerals appear 
in the limestone just where it approaches this rock, and the 
conclusion that they have been formed by solutions set in 
circulation by the intrusion of gabbro must be regarded as ex- 
tremely probable. That tourmaline is usually formed in connec- 
tion with acid rocks might be urged in contravention of this 
conclusion (and Lacroix* regards the occurrence as a granite 
fumarole) ; but that this is not necessarily the case is shown by 
the first Rossie locality where tourmaline, like that of Pierre- 
pont, is formed on the contact zone of a diorite or gabbro. The 
two cases are, indeed, closely similar, the only marked difference 
being that at the first locality the solutions worked along the 
exact contact, while at the second they traversed the limestone 
at some distance from the intrusion. The first case would be 
considered contact metamorphism in the strict sense of the 
term; the second might be regarded as fumarole action; but be- 
tween the two it is hardly possible to draw any very definite 
line. In both cases it seems clear that heated solutions have 
done most of the work, and the exact locus of mineral growth, 
being determined by lines of least resistance to the transmission 
of solutions, must be dependent chiefly upon the character of the 
limestone. 

The question as to how far such solutions may extend their 
action is pertinent in connection with the interesting locality on 
Moore’s farm in Russell. Here the minerals are pyroxene (a 

* A, Lacroix, Contributions a l’étude des Gneiss a Pyroxéne et des Roches a 
Wernérite, p. 193. 
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diopside variety in very large crystals), gray amphibole, feld- 
spar, scapolite, phlogopite and tourmaline. The minerals fill 
irregular pockets or form short veins, scattered through impure 
crystalline limestone. The mode of occurrence is similar to 
that at the tourmaline locality, except that the minerals are 
more abundant. The association at once suggests a contact 
zone; but the limestone is the only rock shown in the immediate 
vicinity, there being nothing that could be regarded as an intru- 
sive. Thus, there is afforded one of the localities of most 
doubtful nature, referred to at the outset of the inquiry. The 
minerals are precisely those species that might be expected in a 
contact zone, but no igneous rock is at hand to produce them. 
Were the occurrence an isolated one it would be most difficult 
to account for; and even with the knowledge gained from 
other localities it is only possible to suggest a hypothetical ex- 
planation, for which there is little positive basis. Recalling the 
phenomena shown atthe first-described locality, together with the 
less decisive data of the Pierrepont tourmaline locality, it seems 
possible that the minerals under consideration may have been 
formed by the action of solutions connected with an intrusion that 
now underlies the locality without any exposure at the surface, or 
by one that extended as a sheet above the minerals and has now 
been removed by denudation. 

That this explanation is based entirely upon analogy, using 
the laws of association as a guide, is evident, and its purely 
hypothetical character needs no further accentuation. But the 
locality is far from unique in this respect; indeed it may serve 
as a type of many localities where positive data as to the origin 
of the minerals are lacking, and it is possible to get a clue to 
the solution of the problem only by applying the laws derived 
from a study of more favorable localities. 

An occurrence suggesting two very different explanations is 
on the farm of T. Fitzgerald in Pierrepont. This is another of 
the well-known localities at which much blasting has been done, 
and from which large quantities of minerals have been taken 
out. The association resembles that of the previously- 
described localities, but with fewer species, the minerals being 
pyroxene and scapolite, in large, coarse crystals, together with 
the peristerite variety of albite. Coarse pink calcite encloses 
the other minerals. 

The mineral body occurs upon the contact between crystal- 
line limestone and a rather fine, granulitic pyroxene gneiss. The 
gneiss forms a sheet that has the appearance of being inter- 
bedded, and there is some indication of a gradation between the 
two rocks ; but in neither respect is the evidence entirely satis- 
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factory. A quarter of a mile to the southwest another sheet of 
gneiss presents similar relations to the limestone, and here again 
the contact is marked by an extensive development of pyroxene 
and scapolite, although the mass has never been opened up. The 
general relations of these deposits are so like those shown by 
the typical cases of contact metamorphism that the conclusion 
is at once suggested that they have been formed by the same pro- 
cess. This supposition requires that the intrusive rock now rep- 
resented by the gneiss should have undergone considerable modi- 
fication ; but this isso commonly the case with the igneous rocks 
of the region that no difficulties are presented. Nevertheless, 
while there is evidence in favor of the formation of the minerals 
by contact metamorphism, the case is an extremely doubtful one. 
Another explanation suggests itself as applicable and equally, if 
not more, probable. According to this,the minerals may result 
from the mingling of the silica,alumina, iron and alkalies of the 
gneiss with the lime and magnesia of the limestone, and the crys- 
tallization of the minerals during regional metamorphism. The 
mingling of materials might be original, resulting from the grad- 
ual change of one kind of sediment into another; or secondary, 
being produced by circulation of water during metamorphism. 
It is conceivable that, under such conditions, an association of 

minerals might be produced quite similar to those resulting from 
an intrusion, particularly if the regional metamorphism involved 
high temperatures. The apparent gradation between the gneiss 
and the limestone is certainly in harmony with this view. La- 
croix,* who has described the locality, seems to incline to 
this explanation, though he finds reason for believing that the 
gneiss itself has been modified by a granite intrusion not ex- 
posed at the surface. 

The Wells farm in Pierrepont affords another locality where 
the relations are similar to those last described. The minerals 
are amphibole, of a green-gray tint, pyroxene, oligoclase, and 
quartz. The first mentioned species occurs in perfect crystals 
and radiating aggregates of much beauty. Here, the minerals 
form irregular masses on the contact between limestone 
and a rather acid gneiss. The latter rock is of a type which, 
though somewhat obscure in character, is, for many reasons, re- 
garded by the writer as of igneous origin. At this point it may 
well be the contact facies of a coarse porphyritic granite-gneiss 
exposed a few rods to the north. Between the gneiss and lime- 
stone there is not, as at the previous locality, any trace of 
gradation, although two bands of gneiss appear with the lime- 
stone lying between. This structure might result equally well 

*Op. cit. p., 184, 
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from interbedding or intrusion, but the latter explanation is 
strongly indicated both by the exposures themselves and by 
analogy with other localities. When this locality is compared 
with those where the minerals are clearly the product of contact 
metamorphism, decided differences appear. The light-gray 
amphibole is a new factor; the scapolite is absent, and the py- 
roxene is of a light-green color and, from its superficial proper- 
ties, would be classed as diopside. The pyroxene of the other 
localities is, on the other hand, dark-green or black, and de- 
cidedly augitic in aspect. Whether or no such differences as 
these point to a decidedly different origin cannot, as yet, be 
positively stated, but on @ priori grounds it seems very doubt- 
ful that they do. Variation in the character of the intrusive 
rock and of the limestone would certainly seem a sufficient 
cause; while some localities, as yet undeveloped, show an asso- 
ciation and habit intermediate between the extremes described. 

To sum up briefly the leading facts presented above: Py- 
roxene, phlogopite, scapolite, titanite and feldspar, together with 
apatite, tourmaline, wollastonite, quartz and zircon, often occur 
together, and in several instances they are clearly a product of 
contact metamorphism. 

Generally the intrusive rock is of intermediate composition, 
while the rock which it cuts is limestone. 

In all of these cases it seems clear that heated solutions and 
gases have been the immediate agents of mineral formation. 

Several of the above-named minerals also occur with light- 
gray amphibole on the contact between gneiss and limestone, 
and while the evidence is not conclusive it is probable that they 
are formed in the same way. In other cases it is possible that 
minerals on gneiss-limestone contacts may be a product of 
regional metamorphism. 

Finally, a similar association appears when there is no other 
rock than the limestone shown. For such occurrences it is only 
possible to infer their origin from their resemblance to more 
clearly defined examples. 

In conclusion, it should, perhaps, be added that if there ap- 
pears to be, in the foregoing pages,an attempt to exaggerate the 
importance of contact metamorphism as a source of minerals, it 
is simply due to the fact already stated, but possibly not suffi- 
ciently accentuated, that this paper aims to consider only the 
single class of mineral occurrences which are certainly, or possi- 
bly, of this type. 

HAMILTON COLLEGE, CLINTON, N. Y., June, 1896. 
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MINUTES OF THE MEETING. 

May 25th, 1896. 

A meeting of the Philological sub-section of the Section of 

Anthropology, Psychology, and Philology of the New York 

Academy of Sciences was held in Hamilton Hall, Columbia 

University, on the evening of May 25th, 1896, at eight o’clock. 

Fifteen members of the Society were present and President J. 

J. STEVENSON was in the chair. 

The President called upon Prof. Franklin H. Giddings, as 

Chairman of the sub-section to preside at the meeting. The 

presentation of the communications by the members which had 

been announced for the session was immediately begun. 

Prof. Thomas R. Price, of Columbia University, brought for- 

ward the results of certain investigations upon “‘ The Tradition 

of the Case-Forms in Chaucer’s Noun.” Carefully collected 

statistics show that Chaucer in his syntax, uses the case-forms 

in the following order of frequency: (1) dat. sg., (2) nom. sg., 

(3) ace. sg., (4) dat. pl., (5) acc. pl., (6) nom. pl., (7) gen. sg., 

(8) gen. pl. And again with reference to the relative propor- 

tion of usage there is a difference between the Teutonic noun 

and the Romance noun. Statistics were presented to illustrate 

the ratio. 

Prof. Laurence A. McLouth, of New York University, dis- 

cussed, “Some of the Sources of Burger’s Lenore,” basing his 

investigations mainly on studies of Burger’s letters and of the 

books that formed the chief part of his reading. No less than 

eight different sources were shown to be capable of being traced 

with fair certainty. Among these Shakespeare stood high upon 

the list. 

Prof. Henry A. Todd, of Columbia University, treated “‘ The 

Etymology of Italian andare and related Words.” Various 

etymologies that had been suggested were examined, but the pa- 

per favored bringing the word into association with Lat. in- 

dagare “ to investigate.” 
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Mr. D. L. Pettigrew was nominated for resident membership in 

the Society and referred to the Council. The meeting then 

adjourned. 
A. V. WILLIAMS JACKSON, 

Secretary of Section. 

REGULAR Business MEETING. 

June Ist, 1896. 

The Academy met with President STEVENSON in the chair. 

There were eight persons present. 

In the absence of Secretary J. F. Kemp, in the West, C. C. 

Trowbridge was appointed by the chair Secretary pro tem. 

The minutes of the last regular business meeting were read 

and approved. 

The acting Secretary then presented the name of Dr. David 

Lyman Pettigrew, for election as a resident member, the name 

having been approved in due manner by the Council. 

On a motion, Dr. Pettigrew was elected a resident member of 

the Academy. 

The committee on a set of resolutions in reference to the 

pending legislation by Congress, relating to vivisection in the 

District of Columbia, presented the resolutions. 

On motion, the resolutions were adopted, subject to any slight 

alterations thought advisable by the committee. 

The Academy then adjourned until October. 

C. C. TRowBRIDGE, 

Secretary pro tem. 
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Leeds, Prof. A. R. 

Lembke, Charles F. 

Levine, Edmund J. 

Levison, W. Goold, Ph.D. 
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MEMBERS. 

Elected. 

University Heights 1896 

59 West 56th St. 1881 

839 Madison Ave. 1894 

9 Lexington Ave. 1868 

41 West 32d St. 1865 

300 William St., E. Orange, N.J. 1881 

91 John St. 1878 

1 Chelsea Sq. 1895 

Columbia University 1891 

27 West 23d St. 1896 

71 St. James Place, Brooklyn 

69 Wall St. 1896 

1 Broad way 1878 

123 W. 55th St. 1874 

Room 25, Cotton Exchange 1876 

42 West 76th St. 1896 

College of Phy. and Surgeons 1892 

835 Fifth Ave. 1881 

Park Avenue Hotel 1895 

170 Broadway 1876 

Columbia University 1896 

110 West 34th St. 1867 

Columbia University 1891 

40 East 39th St. 1876 

197 Madison Ave. 1893 

127 West 58th St. 1893 

Columbia University 1867 

Knickerbocker Club 1895 

Columbia University 1891 

15 Union Square 1876 

356 West 22d St. 1890 

Columbia University 1881 

37 Fifth Ave. 1895 

120 West 90th St. 1891 

9 Cliff St. 1888 

Col. of Phys. and Surgeons 1892 

900 Hudson St., Hoboken, N. J. 1872 

21 Union Square 1895 

23 East 72d St. 1896 

1435 Pacific St., Brooklyn 1872 



Lewis, Walter H., Jr. 

Liautard, Prof. A., M. D. 

Lichtenstein, Paul 

Loeb, Prof. Morris 

Lord, Benj., M. D. 

Love, E. G., Ph.D. 

Low, President Seth, LL. D. 

Luquer, Lea MclI. 

Macdonald, John 

Macy, C. A., 2d 

Marbie, Manton 

Marié, Peter 

Marquand, Henry G. 

Martin, Daniel S. 

Mayer, Prof. A. M. 

McClintock, Emory, LL. D. 

McCook, Col. J. J. 

McLouth, Prof. Lawrence A. 

Mead, Walter H. 

Meltzer, S. J., M. D. 

Merrill, Fred. J. H. 

Meyer, IT. C., C: E. 

Mitchell, Edward 

Mitchell, John Murray 

Morgan, Hon. J. Pierpont 

Morse, J. H. 

Moses, Prof. Alfred J. 

Munsell, C. E. 

Nash, Stephen P. 

Newton, H. J. 

Niven, Wm. 

Nott, Bod. Me D: 

Olcott, E. E. 

Osborn, Henry F. 

Otis, Prof. F. N., LL.D. 

Ottendorfer, Oswald 

Parker, H. C. 

Parmly, D. D. 

Parsons, John E., Esq. 

Patten, John 

MEMBERS. 

ayer 
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Elected. 

63 West 19th St. 1885 

141 West 54th St. 1869 

48 Exchange Place 1876 

118 W. 72d St. 1892 

34 West 28th St. 1885 

80 East 55th St. 1896 

Columbia University 1876 

Columbia University 1892 

39 Broadway 1882 

208 West 45th St. 1895 

532 Fifth Ave. 1878 

6 East 37th St. 1895 

11 East 68th St. 1876 

75 West 55th St. 1868 

Stevens Institute, Hoboken, N.J. 1894 

32 Nassau St. 1889 

10 W. 54th St. 1896 

University of New York 1896 

65 Wall St. 1882 

66 East 124th St. 1896 

State Museum, Albany, N. Y. 1886 

Union Club 1895 

31 East 50th St. 1876 

35 Wall St. 

219 Madison Ave. 1891 

423 Madison Ave. 1881 

Columbia University 1892 

110 Horatio St. 1885 

67 Wall St. 1891 

45 Cedar St. 1871 

733 Broadway 1893 

544 Madison Ave. 1878 

18 Broadway 1896 

Columbia University 1892 

51 West 50th St. 1867 

150 West 59th St. 1878 

Columbia University 1895 

160 Broadway 1879 

111 Broadway 1896 

1894 Baltimore, Md. 
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Peabody, Hon. C. A. 

Pell, Alfred 

Pellew, C. E. 

Perry, Prof. Edward D. 

Pettigrew, D. L. 

Pfister, J. C. 

Pheenix, Lloyd, 

Pierson, Israel C., Ph. D. 

Piffard, Dr. Henry G. 

Pitkin, Lucius 

Post, C. A. 

Post, George B. 

Potter, Hon. O. B. 

Price, Prof. Thomas R. 

Prime, F. E. 

Prime, Temple 

Prince, Prof. John D. 

Prudden, Prof. T. M., M. D. 

Pupin, Prof. M. I. 

Quackenboss, J. D. 

Rees, Prof. John K. 

Rice, Prof. Charles 

Ricketts, Prof. P. De P. 

Ries, Heinrich 

Riley, R. Hudson 

Ripley, John H., M. D. 

Rusby, Prof. Henry H., M. D. 

Sabine, Wm. T., Jr. 

Satterlee, Livingston 

Schemerhorn, F. A. 

Schemerhorn, Wm. C. 

Schoonmaker, Wm. D. 

Schuyler, Philip 

Senff, C. H. 

Serrell, Lemuel W. 

Shriver, Walter 

Shultz, Carl H. 

Sieberg, W. H. J. 

Silver, Lewis Mann, M. D. 

Skeel, Frank D., M. D. 

Sloan, Samuel 

MEMBERS. 

70 West 21st St. 

20 East 35th St. 

F 68 East 54th St. 

Columbia University 

Box 1004, Worcester, Mass. 

Columbia University 

Union Club 

F 21 Cortlandt St. 

10 West 35th St. 

138 Pearl St. 

21 Washington Sq., N. 

11 West 21st St. 

3 East 57th St. 

Columbia University 

Ie 26 Broad St. 

PS 26 Broad St. 

19 West 34th St. 

Columbia University 

Columbia University 

331 West 28th St. 

F Columbia University 

Bellevue Hospital 

F Columbia University 

305 East 53d St. 

Bensonhurst, N. Y. 

605 Lexington Ave. 

F College of Pharmacy 

960 Madison Ave. 

New Brightom, Staten Is. 

61 University Place 

49 West 23d St. 

28 Warren St. 

Irvington, N. Y. 

12) Whitestone, N. Y. 

140 Nassau St. 

333 East 56th St. 

445 First Ave. 

158 East 124th St. 

103 West 72d St. 

361 Mott Ave. 

Ve 26 Exchange Place 

Elected. 

1879 

1896 

1883 

1896 

1896 

1895 

1895 

1892 

1896 

1884 

1891 

1895 

1889 

1896 

1864 

1852 

1896 

1894 

1890 

1890 

1882 

1876 

1871 

1892 

1890 

1884 

1889 

1896 

1859 

1867 

1891 

1888 

1876 

1895 

1876 

1878 

1878 

1877 

1896 

1890 

1876 



MEMBERS, 

Smith, Ernest E., M. D. 

Starr, Prof. M. Allen 

Stetson, F. L. IL: 

Stevens, George T., M. D. 

Stevens, Prof. W. LeConte 

Stevenson, Prof. J. J. 

Steward, D. Jackson 

Stoddard, Prof. F. H. 

Stokes, James 

Stratford, Prof. Wm. 

Strong, Charles A. 

Stuyvesant, Rutherfurd 

Sutro, Mrs. Mathilde 

yy 

Taggart, Rush, Esq. 

Tatlock, John, Jr. 1S 

Taylor Charles Fayette, M. D. F 

Taylor, Henry L., M. D. 

Terry, James 

Thompson, Prof. W. Gilman 

Todd, A. J. 

Todd, Prof. H. A. 

Tows, C. D. 

Trotter, Alfred W. 

Trowbridge, Charles C. 

Tuckerman, Alfred 

Valentine, Philip J., Ph. D. 

Van Buren, Fred. T. 

Van Brunt, Cornelius F 

Van Giesen, Ira, M. D. 

Van Ingen, Gilbert 

Van Nardroff, Prof. E. R. 

Van Slyck, George W. 

Wulte; H. I; Phe D: F 

Wade, H. T. 

Wall, John L. F 

Waller, Elwyn, Ph. D. F 

Ward, Delancey W. 

Weston, Henry 12) 

Weston, Theodore 

Wheeler, Prof. J. R. 

281 

Elected. 

157 East 74th St. 1894 

22 West 48th St. 1894 

576 Madison Ave. 1895 

33 West 33d St. 1882 

Rensaelaer Poly. Inst, Troy, N. Y.1882 

468 West End Ave. 1880 

20 Gramercy Park 1858 

University Heights 1896 

49 Cedar St. 1896 

245 West 52d St. 1895 

Hotel San Remo 1896 

246 East 15th St. 1868 

60 West 49th St. 1890 

319 West 75th St. 1896 

Box 194, New York City 1891 

201 West 54th St. 1876 

201 West 54th St. 1877 

New Haven, Conn. 1883 

University of New York 1895 

261 Broadway 1878 

Columbia University 1896 

Buckingham Hotel 1878 

26 Cortlandt St. 1875 

Columbia University 1894 

342 West 57th St. 1892 

351 Lenox Ave. 1882 

21 West 14th St. 1880 

319 East 57th St. 1876 

Columbia University 1894 

Columbia University 1896 

89 Quincy St., Brooklyn 1895 

120 Broadway 1878 

Columbia University 1890 

Columbia University 1895 

338 Sixth Ave. 1879 

440 First Ave. 1871 

Columbia University 1893. 

29 Broad way 1865 

14 East 48th St. 1896 

Columbia University 1896 
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282 MEMBERS. 

White, Thaddeus R. 

White, Theodore G. 

Whitfield, Prof. R. P. 

Whiton, Louis C., Esq. 

Wiechmann, F. G. 

Wiener, Joseph. M. D. 

Wilson, Prof. Edmund B. 

Wood, Isaac F. 

Wood, Wm. H.S. 

Woodhull, Prof. John F. 

Woodward, Prof. R. 8. 

Wortman, J. L., M. D. 

Wurtz, Prof. Henry 

Youmans, Wm. J., M. D. 

CORRESPONDING MEMBERS. 

F 

Elected. 

257 West 45th St. 1896 

39 West 26th St. 1894 

Am. Mus. Nat. History 1879 

114 West 76th St. 1896 

Columbia University 1882 

1046 Fifth Ave. 1876 

Columbia University 1893 

Rahway, N. J. 1878 

45 East 10th St. 1865 

Teachers’ College 1896 

Columbia University 1893 

Am. Mus. Nat. History 1892 

2149 Seventh Ave. 1869 

72 Fifth Ave. 1877 

CORRESPONDING MEMBERS OF THE NEW YORK ACADEMY 

Abbe, Prof. Cleveland 

Abbott, Dr. Chas. C. 

d’Achiardi, Prof. Antonio 

Alexander, Prof. W. D. 

Am Ende, Dr. C. G. 

Angas, Geo. French 

Appleton, Prof. John H. 

Austen, Prof. Peter T. 

Ayres; Dr. W- 0: 

Balch, Geo. T. 

Ball, Prof. Valentine 

Bayle, Prof. E. 

Bechler, Lieut. W. H. 

Bell, J. Graham 

Berthoud, Edw. L. 

Bertrand, Prof. Emile 

Bishop, Nath. H. 

Bolles, Rev. E. C. 

Bolton, Dr. Meade 

Bombicci, Prof. Luigi 

Boni, Giacomo 

Brandegee, Townsend 8. 

OF SCIENCES, 1896. 

Elected. 

Washington, D. C. 

Trenton, N. J. 1883 

University of Pisa, Italy 1883 

Honolulu, Hawaiian Islands 1890 

Hudson City, N. J. 1874 

London, England 1864 

Providence, R. I. 1876 

Poly. Inst. Brooklyn, N. Y. 1878 

New Haven, Conn. 1864 

New York, N. Y. 1876 

Dublin, Ireland 1885 

School of Mines, Paris, France 1868 

Newport, R. I. 1880 

Washington, D. C. 1878 

Golden City, Col. 1867 

Rue de Tournon, Paris, France 1883 

Lake George, N. Y. 1869 

Salem, Mass. 1865 

Richmond Hill, N. Y. 1890 

University of Bologna, Italy 1883 

Venice, Italy 1886 

Cafion City, Colo. 1874 



CORRESPONDING MEMBERS. 

Branner, Prof. J. C. 

Brewster, Wm. 

Brunet, Dr. 

Brush, Prof. Geo. J. 

Buck, C. Elton 

Caldwell, Prof. George C. 

Carmichael, Prof. Henry 

Cary, Prof. Albert A. 

Chandler, Prof. W. H. 

Chapman, A. W., M. D. 

Chapman, Prof. E. J. 

Clarke, Prof. F. W. 

Clay, Joseph A. 

Collett, Prof. John 

Comstock, Prof. Theo. B. 

Cooke, Dr. M. C. 

Cooper, Dr. James G. 

Cope, Prof. Edward D. 

Cornwall, Prof. H. B. 

Cory, Charles B. 

Cox, Kenyon 

Crawford, Jos. A. 

Credner, Prof. Hermann 

Crosse, H. 

Cushing, Prof. H. P. 

Dale, T. Nelson 

Dall, Prof. William H. 

Dana, Arnold Guyot 

Dana, Prof. Edward 8. 

Deane, Ruthven 

Derby, Prof. Orville A. 

Devine, Dr. S. R. 

Douglass, Prof. Silas H. 

Dow, Capt. John M. 

Drown, Pres. Thomas M. 

Drummond, Prof. Henry 

Duns, Prof. John 

Edsall, Burroughs 

Edwards, Dr. Arthur M. 

Elliot, Daniel G. 

Elliot, Henry W. 

Stanford University, Cal. 

Cambridge, Mass. 

Bahia, Brazil 

New Haven, Conn. 

Wilmington, Del. 

Ithaca, N. Y. 

Boston, Mass. 

Bridgeport, Conn. 

Bethlehem, Pa. 

Apalachicola, Fla. 

Toronto, Canada 

Washington, D. C. 

Philadelphia, Pa. 

Indianapolis, Ind. 

Tucson, Ariz. 

London, England 

Hayward, Cal. 

Philadelphia, Pa. 

Princeton, N. J. 

Boston, Mass. 

Anaheim, Cal. 

Davenport, Iowa — 

Leipsic, Saxony 

Paris, France 

Adelbert Coll., Cleveland, O. 

Williamstown, Mass. 

Washington, D. C. 

Brooklyn, N. Y. 

New Haven, Conn. 

Cambridge, Mass. 

Sao Paulo, Brazil 

Lake Sheldrake, N. Y. 

Ann Harbor, Mich. 

New York, N. Y. 

Bethlehem, Pa. 

Glasgow, Scotland 

Edinburgh, Scotland 

Spuyten Duyvil, N. Y. 

Newark, N. J. 

New York City 

Washington, D. C. 
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Elected. 

1884 

1874 

1867 

1876 

1866 

1876 

1876 

1890 

1876 

1836 

1877 

1876 

1857 

1880 

1877 

1868 

1855 

1876 

1876 

1880 

1880 

1877 

1866 

1864 

1895 

1879 

1870 

1887 

1885 

1874 

1890 

1867 

1876 

1869 

~ 1876 

1887 

1868 

1884 

1873 

1860 

1876 



284 CORRESPONDING MEMBEBS. 

Elliott, Prof. John B. 

Engelhardt, Dr. Francis E. 

Ernst, Dr. Adolfo 

Fairchild, Prof. H. Leroy 

Fay, H. F. 

Fensi, Cav. Sebastiano 

Fink, Albert 

Fittica, Prof. F. 

Fletcher, Prof. Lazarus 

Ford, Prof. Darius R. 

Ford, Silas W. 

Fresenius, Prof. C. R. 

Fritz-Gaertner, Dr. R. 

Gadolin, Gen. Alex. 

Gaussoin, E. 

Gilbert, G. K. 

Gill, Dr. Theodore 

Gilman, Pres. D. C. 

Goessman, Prof. C. A. 

Gooch, Prof. F. Austin 

Gordon, Dr. Antonio de 

Grattarola, Prof. Guiseppe 

Green, S. F. 

Greenleaf, R. C. 

Gregg, Dr. Wm. H. 

Gregorio, Marchese Antonio di 

Grierson, T., M. D. 

Grote, Prof. Aug. R. 

Grote, Prof. Paul 

Gudeman, Dr. Edward 

Gunning, Thos. B. 

Guppy, R. J. L. 

Hagen, Dr. Herman A. 

Hague, James D. 

Hamlin, Chas. E. 

Hanley, Sylvanus 

Hardin, M. B. 

Hawkins, B. Waterhouse 

Hayes, 8S. Dana 

Hesse-Wartegg, Count Ernst von 

Hexamer, Dr. F. M. 

Elected. 

Sewanee, Tenn. 1880 

Syracuse, N. Y. 1869 

Caracas, Venezuela 1878 

Rochester, N. Y. 1879 

Columbus, O. 1858 

Florence, Italy 1887 

Louisville, Ky. 1890 

Univ. of Marburg, Germany 1879 

London, England 1885 

Elmira, N. Y. 1874 

Schodack Landing, N. Y. 1873 

Wiesbaden, Germany 1879 

Tegucigalpa, Honduras 1879 

St. Petersburg, Russia 1868 

Baltimore, Md. 1867 

Washington, D. C. 1870 

Washington, D. C. 1858 

Baltimore, Md. 1876 

Amherst, Mass. 1865 

New Haven, Conn. 1888 

Havana, Cuba 1883 

Florence, Italy 1883 

Jafina, Ceylon 1867 

Boston, Mass. 1868 

Elmira, N. Y. 1865 

Palermo, Sicily 1883 

Dumfriesshire, Scotland 1865 

Buffalo, N. Y. 1876 

Munich, Germany 1877 

Philadelphia, Pa. 1890 

1878 

Trinidad, W. I. 1869 

Cambridge, Mass. 1874 

New York, N. Y. 1874 

Cambridge, Mass. 1865 

London, England 1864 

Lexington, Va. 1866 

London, England 1868 

Boston, Mass. 1876 

New York 1882 

New Rochelle, N. Y. 1857 



CORRESPONDING MEMBERS. 

Hidden, Wm. Earl 

Hill, Prof. Henry B. 

Himes, Prof. Charles F. 

Hitcheock, Prof. Charles H. 

Horsford, Prof. E. N. 

Horton, Letas R. 

Hoskold, Prof. H. D. 

Howard, Thomas T., Jr. 

Hyatt, Prof. Alpheus 

Hyatt, Prof. James 

Iles, Malvern W. 

James, Major O. C. 

Jannetaz, Prof. A. 

Jesup, Rev. Henry Griswold 

Johnson, Prof. Samuel 

Jordan, Pres. David 8. 

Judd, Orange 

Kellicott, D. S. 

Kendrick, Prof. H. L., U.S. M. A. 

Kinney, Prof. J. R. 

Knowlton, W. J. 

Koenig, Prof. George A. 

Koltzoff-Massalsky, Princess Héléne 

Koschkull, H. von 

Krebs, Hi J. 

Krontschoff, Baron K. de 

Kuki, R. 

Kulibin, Prof. N. 

Kulibin, Prof. § 

Laarda, Antonio de 

Lacroix, Alfred 

Land, Wm. J. 

Langley, Prof. J. W. 

Lattimore, Prof. 8. A. 

Lauderdale, J. V., M. D. 

Laussedat, Col. 

Lea, M. Carey 

LeConte, Prof. Joseph 

Le Jolis, Dr. Auguste 

Le Mercier, Dr. F. G. 
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Elected. 

Newark, N. J. 1875 

Cambridge, Mass. 1876 

Carlisle, Pa. 1876 

Hanover, N. H. 1867 

Cambridge, Mass. 1876 

Goshen, N. Y. 1864 

Buenos Ayres, South America 1890 

Perth Amboy, N. J. 1877 

Cambridge, Mass. i876 

Stanfordville, N. Y. 1876 

Denver, Col. 1875 

Rio Janeiro, Brazil 1867 

Sorbonne, Paris, France 1883 

Hanover, N. H. 1885 

New Haven, Conn. 1876 

Stanford University, Cal. 1876 

Middletown, Conn. 1876 

Buffalo, N. Y. 1886 

West Point, N. Y. 1876 

Honolulu, Sandwich Islands 1867 

Boston, Mass. 1880 

Houghton, Mich. 1876 

Florence, Italy 1887 

Tiflis, Caucasus 1868 

Copenhagen, Denmark 1867 

St. Petersburg, Russia 1890 

Tokio, Japan 1888 

St. Petersburg, Russia 1890 

St. Petersburg, Russia 1890 

Bahia, Brazil 1867 

Paris, France 1890 

Atlanta, Ga. 1877 

Ann Arbor, Mich. 1876 

Rochester, N. Y. 1876 

Weiss ZA. 1867 

Paris, France 1890 

Philadelphia, Pa. 1876 

Berkeley, Cal. 1876 

Cherbourg, France 1876 

Paris, France 1869 



286 CORRESPONDING MEMBERS. 

Lintner, Prof. J. A. 

Lockwood, Rey. Samuel 

Lowe, Edward J. 

Lupton, Prof. N. T. 

Mackie, Simon F. 

Macloskie, Prof. George 

Mallet, Prof. John W. 

Mann, C. Riborg 

Marcy, Prof. Oliver 

Marsh, Prof. O. C. 

Mason, Rev. Francis 

Matthew, Mr. George F. 

Maynard, C. J. 

McChesney, Prof. J. H. 

McCormick, Richard H. 

Mead, Theodore L. 

Meek, Prof. Seth E. 

Meneghini, Prof. G. 

Merriam, Prof. C. Hart 

Merrick, Prof. J. M. 

Meyer, Dr. A. B. 

Michie, Prof. P. S. 

Minot, Dr. Charles 8. 

Mixter, Prof. Wm. G. 

Moldenke, Richard G. G. 

Morch, Otto 

Morse, Prof. Edward 8. 

Mortimer, Capt. John H. 

Netto, Prof. Ladislau 

Nevius, Rey. Reuben D. 

Newton, Prof. Alfred 

Nicholls, Dr. H. A. Alfred 

Nicolis, Sig. Cav. Enrico 

Niles, Prof. Wm. H. 

Nolan, Dr. Edward J. 

Nordenskj6ld, Prof. N. A. E. 

Ober, Frederick A. 

Oothout, Henry 

Ordway, Prof. John M. 

Orton, Prof. Edward 

Ostensacken, Baron R. 

MeMurtrie, W. C., M. D. 

Albany, N. Y. 

Freehold, N. J. 

Nottingham, England 

Nashville, Tenn. 

Salt Lake City, Utah 

Princeton, N. J. 

University of Virginia, Va. 

Univ. of Chicago, Chicago, Ill. 

N.W. University, Evanston, M1. 

New Haven, Conn. 

Tavoy, Burmah 

St. John, N. B. 

Boston, Mass. 

Chicago, Ill. 

Arizona 

Washington, D.C. 

Eustis, Florida 

Cedar Rapids, lowa 

Pisa, Italy 

Washington, D.C. 

Boston, Mass. 

Dresden, Germany 

West Point, N. Y. 

Boston, Mass. 

New Haven, Conn. 

Houghton, Mich. 

Copenhagen, Denmark 

Salem, Mass. 

New York 

Rio Janeiro, Brazil 

Baker City, Oregon 

Cambridge, England 

Dominica, W. I. 

Verona, Italy 

Boston, Mass. 

Philadelphia, Pa. 

Stockholm, Sweden 

Beverly, Mass. 

Stamford, Conn. 

New Orleans, La. 

Columbus, O. 

St. Petersburg, Russia 

Elected. 

1872 

1865 

1857 

1876 

1869 
1876 
1876 
1896 
1871 
1867 
1844 
1867 
1874 
1863 
1869 
1876 
1874 
1888 
1888 
1874 
1876 
1890 
1885 
1878 
1876 
1890 
1864 
1864 
1875 

1890 

1867 

1866 

1882 

1884 

1881 

1880 

1868 

1879 

1865 

1876 

1871 

1857 



CORRESPONDING MEMBERS. 

Packard. trof. A. S., Jr. 

Packard, R. L. 

Paine, Prof. John A. 

Parrott, Rev. Dr. J. W. 

Peckham, Prof. S. F. 

Perkins, Prof. Maurice F. 

Phene, Dr. J. S. 

Pickering, Prof. Ed. C. 

Pisani, F. 

Poey, Prof. Andreas 

Post, Prof. George E. 

Potter, Prof. W. B. 

Prescott, Prof. Albert B. 

Prime, Prof. Frederick, Jr. 

Pumpelly, Prof. Raphael 

Purdie, H. A. 

Putnam, Prof. F. W. 

Pynchon, Prof. Th. R. 

Ramsey, J. G., M. D. 

Randall, F. A. 

Rawson, Sir Rawson W. 

Read, Matthew C. 

Reade, T. Mellard 

Remsen, Prof. Ira 

Ridgway, Robert 

Robb, Prof. Wm. Lispenard 

Robertson, J. 

Roemer, Edward, M. D. 

Rogers, F. M. 

Rogers, Dr. Henry R. 

Rosa, W. V. V., M. D. 

Russell, Prof. Israel C. 

Sadtler, Prof. Samuel P. 

Salvadore, T., M. D. 

Schaeffer, Pres. C. A. 

Schweitzer, Dr. Paul 

Scudder, Prof. Samuel H. 
Sherwood, Andrew 

Slosson, Charles 

Smith, Charles E. 

Smith, J. Ward 
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Elected. 

Providence, R. I. 1866 

Washington, D. C. 1877 

Tarrytown, N. Y. 1877 

Addison, Steuben Co., N.Y. 1869 

Ann Arbor, Mich. 1876 

Schenectady, N. Y. 1876 

London, England 1882 

Cambridge, Mass. 1876 

8 Rue Furstenburg, Paris, France 1883 

Paris, France 1869 

Beirut, Syria 1888 

St. Louis, Mo. 1871 

Ann Arbor, Mich. 1876 

Easton, Pa. 1877 

Newport, R. I. 1868 

Boston, Mass. 1874 

Cambridge, Mass. 1860 

Hartford, Conn. 1876 

Tennessee 1860 

Warren, Pa. 1876 

London, England 1867 

Hudson, Ohio 1876 

Liverpool, England 1888 

Baltimore, Md. 1876 

Washington, D.C. 1874 

Hartford, Conn. 1886 

Atticus, N. Y. 1864 

Cassel, Germany 1864 

Luling P. O., Louisiana 1877 

Dunkirk, N. Y. 1882 

Watertown, N. Y. 1866 

Ann Arbor, Mich. 1879 

Philadelphia, Pa. 1876 

Turin, Italy 1866 

Iowa City, lowa 1876 

Univ. of Mo., Columbia, Mo. 1867 

Cambridge, Mass. 1876 

Mansfield, Pa. 1876 

Buffalo, N. Y. 1885 

Philadelphia, Pa. 1866 

Newark, N. J. 1883 



288 CORRESPONDING MEMBERS. 

Smith, Sanderson 

Smith, T. L., M. D. 

Smyth, Prof. C. H., Jr. 

Spang, Norman 

Spencer, Rev. J. Selden 

Stearns, Robert, E. C. 

Stevens, Dr. Robert P. 

Stoebner, Prof. F. W. 

Stover, Prof. F. H. 

Stretch, Richard H. 

Stuart, A. P. S. 

Staten Island, N. Y. 

Wis Sb Isle 

Clinton, N. Y. 

Etna, Allegheny Co., Pa. 

Tarrytown, N. Y. 

Berkeley, Cal. 

Brooklyn, N. Y. 
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library of, iii., 70-106 
library of, v., 1, 20, 164, 282 
library of, vi., 12 
membership of, v., 162 
officers of, v., 165 
seal of, v., 232 

Acalephe, v., 15-16 
Acalypha hederacea, vii., 13 
Acanthacez, vii., 12 
Accessions to library, v., 1, 20, 282 
Accounts of an ancient beaver pond, 

Xites lid 

7, 246 

Account of creation, Chaldean, ii., 
107-110 

Acentrophorus Chicopensis, vi., 127 
Acer minutus, xii., 35 

nigrum, ix., 10 
saccharum nigrum (new), ix., 10 
saccharinum nigrum, ix., 10 

Acetic acid, use in analyses of zinc 
ores, 1i., 31-36 

Achxtog:ron Palmeri, vii., 11 
Acid effusives, New Brunswick, xiv., 

195 
Acid, hydrazoic, x., 43 
Acid secretion of fungi, v., 71-72, 

114, 118 
Acinetz, ix., 34 
Acipenser, vii., 257 
Acipenser sturio, xili., 69 
Acleisanthes Berlandieri, ix., 181 

longiflora, vii., 13 
Acridine, v., 196 
Acroleinureide, ii., 62 
Acrothele Matthewi, var. costata, xiv., 

128 
Acrotreta gemma, xiv., 126 

gemmula, xiv., 126 
Actinella Bigelovii, viii., 80 

odorata, Viil., 78 
Rusbyi, viii., 80 
scaposa, viii., 80 

Actinize, v., 34, 37 
Actinic method of determination of 

organic matter, ii., 111-114 
Actinium, v., 200 
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Actinolite, iii., 13, 49 ; v., 264 ; vii. 
213, 224 ; viil., 59 

Actinophorus Clarkii, vii., 179 
Actinopterigium, xii., 121 
Activity of Cretaceous teliosts, iii., 54 
Adaptation of shells of Crepidula, 

3a OL 
Adjournment of the Academy,ix.,212 
Adipocere, vili., 27 
Adirondack forests, destruction of, 

lii., 35-37 
Adirondack park, x., 111 
Adirondacks, schistose rocks in, iv., 

72 
geology of, xii., 19 
diatomaceous earth in, xili., 98 
Pre-Cambrian topography of, xv., 

184 
Adularia, vii., 229 
Adze, votive, vi., 139 
JHolian rock, x., 7 
Aération of water, vi., 47-52 
Aérial navigation, vil , 83 
Aérolites, Winnebago Co., ix., 201 
Aéronautics, development of, xii.,113 
/Hther (assumed element) v., 184, 

185 
Afghanistan, sonorous sandhills, iii., 

99 
Affiliated Scientific Societies, 

Informal reports, xv., 1 
Affinity, chemical, v., 185, 187 
Agaricus Americanus, v., 111 

mellus, v., 111 
Agassiz Association, viil., 46 
Aggassizia suavis, vii., 11 
Agate, iii., 34, 62 ; viii., 161, 162 

cutting, v., 19 
from Mexico, ii., 117 ; vii., 222 

Agathaumas sylvestre, ix., 28 
Agatized woods from Arizona, v., 9- 

11 ; vi., 165, 166 
Agave, i1., 92 

heterocantha, 94 
Mexicana, ix., 182 

Agencies in decay of stone, ii., 74 
Age of Green Pond rocks, vi., 59 

of New York Island, vii., 59, 60 
of Westchester county limestones, 

vii., 16 
Age, Stone, x., 109 
Aglossa, vii., 256 
A graulos strenuus, horizon of, xiv.,102 
Agropyrum Scribneri, viii., 79 

INDEX. 

Agnostis verticillata, viii., 77 
Aguilera, José G, elected corre- 

sponding member, xi., 25 
Air, boiling point of, v., 191 
Air Brakes, v., 149, 150 
Air, elves of the, xi., 123 
Air-wave, volcanic, xiii., 83 
Alaska, Boulder of rock crystal, iii., 

81 
large oak-leaves, 95 
(title) xi., 77 

Alauda Alpestris, ix., 129 
Albertite, xiii., 26, 27 
Albite, ii.,:42, 119; vi., 130 -eyue 

221, 228, 229; viil., 54 
from Diabase of Staten Island, iv., 

76 
in New York Island, iv, 75, 227 
in Staten Island, iv., 230 

Albumenoids, x., 24 
Alchemical symbols, ii., 102-104 — 
Alchemists, v., 198 
Alchemy, ii., 53, 57 

contributions of, to Numismatics, 
iby Al 

Alcohol, v., 179 
solidification of, 19 

Alexander, Henry M., elected mem- 
ber, 147 

Alexandrite, Ceylonese, v., 131, 132 
Alge, vii., 21 

forming Sargasso Sea, iv., 58 
Alizarine, v., 193, 197 
Alkali industry, v., 192 
Alkaline metals, v., 215 
Alkaloids, v., 195 
Allanite, vii., 6 ; vili., 159, 185 

from Franklin Furnace, N. J., 
xlii., 102 

Alleghany belt, v., 78, 79 
Allen, J. A., elected Vice-President, 

xis 26 
Alligator, breeding habits of, xiv., 62 
Allionia incarnata, vii., 13 ; 
Allium, viii., 77 

mutabile, vii., 14 
Alnus oblongifolia, viii., 76 
Aloe, iii., 39. 
Allophane, vii., 251 
Alluadite, vii., 220 
Alluvium of New York Island, vii., 

50, 51 
Almandite, viii., 161 
Almucantar, v., 235, 261 



INDEX. 

Alosa sapidissima, vii., 259 
Alphabet, Egyptian origin of, v., 81— 

88 
Alphabetical, list of New York Min- 

erals, vil., 234 
Altars, stone, 1x., 97 
Alternations of geological climate, 

lii., 94-96 
of temperature in North America, 

96 
Altitudes of Catskill Mountains, i., 

25 
Altitudes in the Shawangunk range, 

lil., 22 
Alumina, vi., 7-11 ; vii., 37 
Aluminum and its alloys, xii., 25 

ingot of, i., 181 ; v., 192 ; vii., 220 
Alytes, xii., 245 
Amecebee, structure and motions, ii., 

79-82 
Amalgamation of silver ores, 1i., 1, 2 
Amarantus fimbriatus ix., 181 

spinosus, ix., 185 
Amaryllidez, vii., 14 
Amazon river, xii., 96 

stone, xili., 162 
Amber, ii., 13, 85, 87 ;ix., 150 

history of, viil., 157 
inclusions in, 156, 157 
occurrence of, 157 
source of, 157 
fluorescent, 158, 162 

Amblygonite, v., 80 
Amboy clays of New Jersey, v., 136 

2G 
Amblyolepis setigera, vii., 11 
Amblyopsis spelxus, i., 59-64 
Amblystoma punctatum, vii., 225-256 
Amelia county, Va., phosphorescent, 

fluorite, iii., 77, 100 
Amendment, proposed, of by-laws, 

ix., 204 
America ancient civilizations of, 120- 

124 
denudation of, v., 77, 78 

Amer. Assoc. Ady. of Science, vii., 
1, 18, 43, 48, 129, 130, 134 

vi., 129, 130, 136, 160, 162-166 
at Springfield, xiv., 1 

Amer. Antiq. Soc., vi., 140 
Amer. Bureau of Mines, vii., 123 
Amer. Cyclopedia, viii., 13 
Amer. Folk Lore Society, x., 37 
Amer. gems, viii., 160, 162 
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Amer. Geographical Society, vii., 17 
viii., 175 

Amer. Journal of Numismatics, vii., 
79 

Amer. Journal of Science, vi., 140 ; 
vil., 59, 64, 123 

Vili., 9, 13, 56, 132 
EX.;, 26,193, 4197, 198 

Amer. Museum of Natural History, 
vii., 80, 100, 136, 254, 255 ; viii., 
8 

Amer. Mus. Nat. History, Field Ex- 
pedition, 1893, xili., 122; xv., 
67, 1895 

Amer. Naturalist, vii., 66, 68, 136 
Amer. Ornithologists’ Union, vii., 

255 
Amer. pearls, viii., 162, 163 
Amer. species of the genus Anemone, 

artes 4) 
American Trias, v., 18, 19 
“Amethyst, i., 89, 117; v1., 92, 113, 

124 ; vii., 164, 223 
for jewelry, viil., 161 
phantom, vili., 12 

Amia Calva, xv., 126 
Amianthus, vi., 130 

vii., 224 
Amiens, France, flint implements at, 

iii., 80 
Ammonia, v., 187 

“*process,’’ v., 192 
discovery of, vii., 198 

Ammonites, ii., 11-94 
Ammophila longifolia viil., 77 
Ameeba, ii., 79-82 
Ampelidez, vii., 9 
Ampelopsis heptaphylla, ix., 10 
Amperes and volts, ix., 137 
Amphibia, vii., 257 ; xili., 176 

cranial nerves of, xii., 56 
Amphibole, vii., 36, 57, 223; viii., 

59 
Amphibolite, viil., 54, 55 
Amphilestes, xii., 187 
Amphioxus, vii., 259; xil., 244 

twins and multiple embryos of, 
Sites J1'7/ 

Amphipleura pellucida, ii., 79 
Amygdaloid, ix., 143 
Anesthesia, early experiments in, 

viii., 15, 16 
Analcime, ii., 88 
Analcite, vii., 232 ; ix., 143 
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Analyses of brine, ix., 40 
of dolomite, vii., 37-58 
of Franklinite ores, ii., 
of gas, 101, 102 
of grains and cereals, x., 24 
of marbles, vi., 23 
of salt, vii., 124 
of meteorite, v., 221 
of Kiowa Co. meteorite, 1X. 190 

26-35 

of Bridgewater ‘‘ "194 
of Sunnie i oo OG 
of Colfax ee Cee TSI Z 
of Winnebago WG eee OO 
of Argentarsenickel * 152 
sandstones, 118, 119 
of the proceeds of combustion in lo- 

comotives, v., 144, 145 
Anatomy of bird’s wing, vii., 91-95 
Ancient abundance of carbonic acid 

in atmosphere, iii., 91, 92 
copper axe, li., 15 
drilling of rocks by corundum, iii., 

105 

fishes, armor of, iii., 53-55 
mining excavations at Houghton, 

14 
ite er castings, lil., 
stone implements, ili., 1, 7, 12 
cities of Yucatan, vii., 45-48 
temples, etc., of Yucatan, v., 

178 
civilizations of America, i., 120-124 
civilization of America, iv., 47 
glaciation in North America, 1i., 

155-159 
astronomical instruments, xi., 206 
inscription on a wall at Chatala, 

Tenn., X1., 26 
shore lines, ix., 78 
mounds at Inwood, ix., 199 

Ancylopoda, xii., 95 
Andalusite, ii., 42 
Andromeda P. arlatorii, xiii., 130 
Andropogon saccharoides, ix., 182 

vii., 14 
scoparius, ix., 182 

Anemone, American species of the 
genus, xi., 9 

Anemone decapetala, vii., 7 
heterophylla, vii., 7 
patens, var. Nuttalliana, i., 8 
Alpina, i., 8 

Angiosperms, 
133-137 

15, 62, 63 

169- 

from Cretaceous, v., 

INDEX. 

from Dakota formation, v., 133 
from Vancouver’s Island, y., 133 

Anglo Cymric score, vii., 43 
Animal life in caves, i., 64-67 

locomotion, methods of, i., 
167 

life, succession of, iii., 20 
self defence, methods of, 53-55 
mounds, x., 40 

Ankerite, xi., 39 
Annales de Geologie et de Palon- 

tologie, vii., 128 
Annals of Academy, Vi., 

61, 64, 79, 85, 141 
Vili., 1, 41) 17127, Tee ae eluar 
OX 419 2, Lo; 108, 139 

Annarachus, Wega: 
Annual election, il 

162; ix., 108 
erosion of continents, v., 78 
growth rings in plants; ili., 88 

Annual meeting, 1), 124° , 95-100 : 
69th, iv., 45; Ist, ae 108 ; 
viii., 125-129 : Tekin 104 

Annulosa, v., 47 
Anodon, viii., 163 
Anodon excurvatus, vi., 113 
Anomozamites majus, vii., 115 

Schaumburgensis, vii., 115 
Anonymos aquatica, ix., 12 
Anorthite in meteorite, iv., 162 
Anthracene, v., 193-196 
Anthracite, iii., 7 

in China, ii1., 151 
of Colorado, i., 8 
with flattened concretions, iv., 44 
of Pennsylvania, origin of, xiv., 

100 
Anthracotherium, xiii., 176 
Anthony, R. A., elected resident 

member, xli., 220 
Anthophyllite, vii., 57, 
Anthraquinone, v., 192 
Anthrocerina, xiv., 54 
Anthropology, Psychology and Phil- 

ology, Section organized, xv., 154 
Antimony, native, from California, 

xdil., 139 
Antique from Peru, viii., 15 
Antiquity of man, iii., 7-12; ix., 83 
Antrostomus carolinensis, X., 52 

Ants, honey, of New Mexico, iii., 
- 103 

Anura, vii., 256 

164— 

66; vii., 6U, 

, 99 ssive 2458 Wee 

213, 214, 224 
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Aparchites secunda, xiv. . 136 
Apatite, ii., 3, 14, 16, 147; v., 75, 

232 vilieg Oey She. 213, 2211 5 
viii., 50 ; ix., 148 

Apgar, DeWitt J., elected resident 
member, xi., 25 

Aphanostephus humilis, vii., 10 
Aphyllum multiflorum, vii., 12 
Apium echinatum, vii., 10 

Popei, 10 
Aplodontia, new species from Cali- 

fornia, v., 179 
Aplodontia major, v., 179 
Aplome Garnets, iv., 42 
Aplopappus croceus, vili., 80 
Apophyllite, i., 129, 130; i1., 

42; vii., 231; viii., 50, 57 
Appalachian Valley, v., 215, 216, 217 
Apparatus, distilling, xii., 54 
Applications of electricity. x., 116 
Aquamarine, ii., 117; ix., 151 

from 28e York City, v., 25, 75 ; 
Vitis) Ondo, 60): 1x... Loi 

Aquilegia canadensis, sas 8 
cerulea, 8 

Ara militaris, v., 175 
Arabia and Afghanistan, 

sand-hills, ii., 98, 99 
Arabis Douglassii, ix., 8 

rhomboidea bulbosa, ix., 8 
rhomboidea purpurea, ix., 8 

Arachnida, v., 49 
Arachnodiscus, xil., 220 
Aragonite, iil., 7, 17, 20; 

vil., 221 
breccia, viil., 44 
coralloidal, viii., 45 
fibrous from Morrisania, iv., 78 
stalactitic, vili., 45 

Aralia, iii., 47; v., 136 
Araliopsis, xii., 236 
Araucaria, vi., 128 
Area, i1., 11 
Are light, x., 103 

lamp, x., 104 
Archean, of Blue Ridge, v., 219, 222 

rocks, v., 219, 222, 223 
strata, younger, v., 216, 233 

soe Older sven i220) 291 

SOs av, 

sonorous 

OO) V., 229 ; 

of Staten Island, vi., 15, 16 
plant, vii., 89 
series, vii., 39, 59, 138 
time, vii., 153 
in Essex county, N. Y., xiii., 216 

Archeology, ii., 3, 106, 110 
Archzeological discoveries, vii., 139 

of Greece, viii., 188 
Archeophyton Newberryanum, vii., 89 
Archipterigium, xii., 121 
Archives de Biologie, 133 
Archoplasm mass in Spermatogenesis 

of Lumbricus, xiii., 135 
Arctic region, warm Tertiary climate 

in, ili., 94 
Exploration of, i., 46-48 
scenery, glimpses of, ix., 156 

Arctostaphylos pungens, vili., 76 
Ardea bahamensis, x., 54 
Area of New York Island, vii., 49 
Arenaria scabrella, vili., 78 
Argemone, vili., 77 

Mexicana, vii., 7 
Argentarsenickel, ix., 152 

analysis of, ix., 152 
Argentiferous galena, x., 62 
Argentite, ili., 38, 63 

artificial, ix., 145 
Argillyte, implements of, ili., 9 
Arisema dracontium, i., 182 
Aristida, viii., 77 
Aristolochiacez, vii., 13 
Aristolochia longiflor a, vil., 13 
Arizona agatized woods, v. , 9-11 

minerals from, iii., 72 
minerals, viii., 11, 14, 45, 46, 161 
aragonite, 45 
azurite, 12, 45 
calco-malachite, 46 
chaleocite, 45 
cuprite, 13 
malachite, 12, 45 
native silver, 11 
stromeyerite, 11 
flora of, viii., 61, 81 
new species from, vili., 

73 
plants, enumeration of xiv., 21 
pumice tuff, i., 52 
silic. woods, vi., 165, 166 

Arkansas, minerals from, ili., 17, 18 
Arkose beneath the Palisades, Nid, 

ii., 117-120 
Armor of ancient fishes, ii., 53-55 
Aromatic series, new derivatives of, 

obo erm hope 
Arrangement of atoms, v., 199 
Arrow-heads near Trenton, N. J. 

AES 

ry we 65, 71, 72, 
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of Oregon Indians, 63 
of Paleolithic age, 81, 82 

Arsenetted hydrogen, solidification 
Olsave, elo 

Arsenide of platinum, viii., 56 
of silver, vili., 56 

Art, aboriginal, viii., 116 
Artemesia Mexicana, vii., 11 
Artesian wells, vi., 77-91 

‘on New York Island, 
vii., 63, 64 
Xen es 

Arthropoda, v., 32 
Arthrodiran fishes, relations of, xiii., 

176 
Articulata, v., 32 
Artificial conversion of peat into coal, 

i., 75 
formation of the honeycomb, iii., 

107, 108 
gems, ix., 155 
origin of caves, ii., 3-6 
ponds and lakes, viil., 117-125 

Artiodactyl from Lower Miocene, xii., 
50 

Artionychia, xii., 96 
Artionyx, Xii., 95 
Artistic uses of trance state, 1i1., 107 
Arts, Winnebago, x., 39 
Aruba, flora and fauna, ii., 151 

terrestrial molluses, 151 
Asaphus platycephalus, xii., 237 

gigas, li., 3 
Asbestos, v., 185-229 ; vii., 213-224 

from Staten Island, 229 
Asclepiadee, vii., 11 
Asclepiodora decumbens, ix., 184 
Asclepias subverticillata, ix., 181, 184 

verticillata, ix., 181, 184 
Ascyrum Crux-Andrex, v., 217 
Ashtabula salt well, ix., 41 
Asphalt of Utah and Canada, ii., 50 

Vili., 26-28 
pavements, viii., 43, 44 

Aspicarpa hyssopifolia, vii., 8 
Aspidium, y., 136 
Aspidisea, ix., 34 
Asplenites Ottonis, vii., 115. 
Assets of the Academy, ix., 205 
Aster adscendens, viii., 78 

canescens, Vili., 80 
foliaceus, var. Buskei, viii., 79 
pauciflorus, vili., 79 
tanacetifolius, viii., 80 

ce 
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diffusus, 1x., 11 
lateriflorus (new), ix., 11 
miser, 1x., 11 
multiflorus, vii., 10 

Asteriation in garnet, v., 225, 226 
Asteroides, v., 250, 251 

intra-mercurial, 248 
Astor, John Jacob, elected resident 

member, xiv., 48 
Asterophyllites, ili., 46 
Astragalus, viil., 77 
Arisonicus, viii., 79 

Greenei, viii., 80 
Hosackiz, viii., 80 
Matthewsi, viii., 80 
Rusbyi, viii., 80 
Mexicanus, ix., 183 
Nuttallianus, vii., 9 

Astrocladia, three species, xiv., 113 
Astronomical drawings, Trubelow’s, 

ieeag ; 
instruments, v., 261 
literature, 261, 262 
necrology, 262, 263 
photographs, measuring apparatus. 

LOTSEXIVe 
photographs, the reduction of, 124 
progress for the year, vili., 13, 14 

Astronomers, v., 262, 263 
Astronomy of the earth, v., 234 

progress in, 234 
section of, x., 67 
section officers elected, xiv., 154 
photography applied to, i., 143-146 
and physics section, xv., 1, 34, 63, 

97, 124, 134, 147, 155 
Atacamite from Globe, Arizona, xiii., 

Athyris subtilita, v., 122 

Atlantic coastal plain strata, disloca- 
tions in, xiv., 8 

ocean (north) age of, v., 77-79 
Atlantis, its possible location, i., 24 
Atmosphere, carbonic acid in, ilii., 

40, 41, 91, 92 
circulation of, 61 
darkened by smoke, 60, 61 
of Pittsburg, acidity of, 65, 66 
of the sun, v., 241 
height of, xi., 40 

Atmospheric agencies, erosion by, 
v., 78 

phenomena, yellow clay, i., 1 
Atomic energy, v., 183 
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structure, 184 
theory, 182, 198, 199 
weights, 182, 183 

Atriplex, viii., 77 
Atrypa reticularis, 1., 57; iv., 33; 

viii., 180 
Attendance at meetings, vii., 129 
Aturia Vanuxemi, ii., 12 
Aubrey limestone, fissure in, xii., 77 
Audibertia Mearusii, vili., 71 
Audubon monument committee, 63 

report of, 64 
statements, 65 
resolution, 65 
monument, vi., 163, 164; vii., 1, 

116-130 ; viii., 128 ; ix., 109 
committee, xii., 2-125 
John James, monument to, xii.,217 
life and services of, xili., 43 
monument, acceptance of, xili., 37 
presentation of, xiii., 30 
committee report of, xiii., 23-151 
treasurer’s account of, xili., 58 
publication fund, xili., 63 

Auerlite, viii., 8-22 
Augen-gneiss, Bedford, N. Y., xv., 

185 
Augite, vii., 215-223 
Augite-porphyrite, xiv., 215 
Auriferous deposit in Buckingham 

county, Va., xili., 122 
Aurora Borealis, i., 158 

of Feb7 13; 1893; x1., 105 
106 OB), abe eY Satie, 1A 

Austria, ozokerite deposits, ii., 43-48 
Australia, tin of, viii., 147 
Aulostoma, funnels and vesicles of, 

xiil., 206 
Autunite, vii., 218-237 
Avalonia Acadica, xiv., 140 
Avefauna, Bahaman, x., 54 
Avicenna, x., 6-15 
Axles (car), cause of breaking, v., 

149-151 
Axis of earth, v., 235 ; vii., 147 
Axolote, xili., 136, 139 
Azoic rock, Staten Island, x., 228 
Azurite from Arizona, x., 9; vil., 

194-217 ; vili., 12-45 ; ix , 431 

Baccharis Texana, ix., 181 
Bacillus Lachis Erythrogenes, xiv., 96 
Bacteria, development of, ii., 113, 
AP veel G mle eaves 40 
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notes on, 148 
of New York, xiv., 80 
variations in biological characters 

of two species, xiv., 96 
Bacteriology, methods of research in, 

pe, Ist) 
Baculites, ii., 11, 94; v., 133 
Bahamas, x., 3 

formation of, x., 21 
geology of, x., 4 
bank, great, x., 4 
little, x., 4 

Bahaman birds, x., 52 
avefauna, x., 54 

Bahia oppositifolia, viii., 77, 78 
Baird, Spencer F., death of, vii., 1 
Bajera munsteriana ,vi., 126 
Baleony Falls, Va., v., 219 
Ballast, railway, v., 151 
Balloons, use of in Arctic, i., 47, 48 
Baltic amber, ii., 85, 86 

amber of, viii., 157 
singing beaches of, iii., 97, 98 

Banana holes, x., 12 
Banca, tin of, viii., 149 
Bank, Carsos, x., 4 
Banks, Sir Joseph, vili., 24 
Barcenium, v., 200 
Barite, viii., 17 
Barium nitrate, vii., 69 
Barnacles, vili., 170 
Base of the Cambrian rocks, xiv., 104 
Basalt, ii., 3-6; 1., 4, 5 

in Palestine, vii., 175, 176, 177 
tuff, 52 
containing native iron, iii., 104 

Basaltic boulder from Woodbridge, 
Conn., iv., 20 

boulders, xiii., 161 
Basanite, vii., 223 
Basic effusives, New Brunswick, xiv., 

196 
Bassasseachic, visit to Falls of, iii., 

148 
Bathyurus caudatus, vi., 2 
Bats in caves, i., 64-67 
Battle of termites, viii., 96, 97 
Bauhinia, v., 136 
Bauxite mines of Georgia and Ala- 

bama, xv., 143 
Bayne, S. G., elected resident mem- 

ber, xili., 171 
Beach, Coronado, x., 31 

Redondo, x., 31 
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Beach, Frederick C., elected mem- 
ber, xv., 147 

Beach, singing, at Manchester, ii., 
147, 148 

Beaver Pond and cut sticks found 
in it, xiii., 177 

Pond at Plainfield, N. H., xiii., 
115 

Bees and other hoarding insects, iii., 
103 

Beet sugar, cultivation of, ili., 5, 6 
Behavior of steam in steam-engine 

cylinder, i., 111-114 
Belemnitella mucronata, ii., 10 
Belgium, human remains in, viii., 

132-135 
quaternary, fanna of, vili., 132-134 

Bell, Dr. Clark, elected resident 
member, xi., 25 

Bell mountain of the, viii., 182, 183 
slope, Seitzen’s, ix., 22 
Bolton’s, ix., 23 

Benzine, v., 195 
group, 196 
ring, 195 

Benzoic acid, v., 195 
Berberidacez, vii., 7 
Berberis aquifolium, i., 8 

repens, vill., 79 
trifoliata, ii., 92; vil., 7 

Bergen Hill, N. J., indurated shales 
at ili., 7 

Bergeronia articephalis, xiv., 146 
elegans, xiv., 146 
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bituminous, in Arctic region, i., 48 
bituminous, in Virginia, i., 160- 

162 
coking from Crested Butte., Col., 
Se 

conversion of peat into, i., 75 
origin of, i., 71, 72, 109-111 
in Texas, ii., 94 
physical conditions in formation of, 

ii., 50 
plants from China, ii., 151 
Measures, carbonates, 11., 14, 15 
flora, 11., 56 
Massilon, Ohio, ii., 87 
combustion in locomotives, v., 

144-146, 150 
tar products, v., 194, 195 
in Syria, vii., 174 
measures in Md., vii., 246-250 

Coastal sub-group, xiv., 192 
Cobalt in meteorite, vi., 92 
Cobaltous chloride, v., 186 
Cocaine, v., 197, 198 
Coccolite, vii., 223 
Coccosteids, new forms of, xili., 176 
Coccosteus, xli., 71-187; ii., 144; 

lil., 20; v., 26-28 
Cocculus diversifolius, ix., 181 
Coceyzus minor maynardi, x., 52 
Codonites campanulatus, vil., 247 
Coelenterata, v., 55 
Ceclosterus ferox, vii., 165 
Colburg, Prussia, ‘‘singing beach,’”- 

iil., 98 
Coldbrook, sub-group, xiv., i92 
Coldenia canescens, vii., 12; ix., 185 
Coleoides typicalis, xiv., 129 
Coleopterological Notices, No. i., No. 

xa NOs lives Xs, Lo 
Coleps, ix., 34 
Colfax meteorite, ix., 197 

meteorite, analysis of, ix., 198 
Collecting specimens, x., 83 
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Collection, ichthyological, ix., 3 
Collectors of N.Y. minerals, vii., 211, 

212 a 
Colorado, fossil fishes near Green 

River, iii., 131 
fossil insects at Florissant, 13 

Se Dally ae a rier, “ZACE 
plants ‘‘ Golden, iii., 77 

minerals from, iii., 15 
siliceous sinter, ili., 6, 7 

silicified wood, iii., 6, 7 
San Juan Mts., v., 121-130 
silver product of, v., 129 
forest vegetation, i., 8 
mining, i., 7 
(title), vii., 44 
minerals from, viii., 12 
moraines in. viil., 164 
oil deposits in, vili., 25-28 
Grand Cajon of the, ix., 128 

e 

Coloration of marble, iii., 101 
Colored clavs. ix.. 45 

marbles, ix., 95 
marbles of Lake Champlain, iii., 

100 
Color photography, xiv., 185 

of images, difference in., xiv., 178 
of Triassic rocks, vi., 125 
standard, method of defining, xiii., 

170 
Colubrina Texensis, vii., 9 
Columbia College collecting party, 

xiv., LOL 
museums, iy., 35 
centennial, vi., 113,129 
vii., 86, 129, 133 

Columbia Chemical society, memoirs 
Mis le, (HV 

Columbidze, i., 176; iv., 34 
Columbite, ii., 42 

vii., 48, 219; ix., 150 
Columbium, v., 200 
Columnar Trap, Orange, N. J., iv., 

Combustion in locomotives, v., 144- 
146, 150 

Comesium, v., 200 
Comet, Gould’s observations on, ii., 

18-23 
Comets, v., 246, 253-256 
Comet, history of Lexell’s, x., 114 

of 1892, observations on, xi., 120 
Holmes’, xii., 48 
discovered by photography, xii., 26 
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Commelinacer, vii., 14 Conocoryphe, not in Protolenus 
Commelina nudiflora, vil., 14 Fauna, xiv., 150 

Virginica, vii., 14 special to Lower Paradoxides Beds, 
Commercial oil-testing, xi., 126 xiv., 150 
Commission, government, for testing Constitution of the Academy, iii., 

iron and steel, i., 149 153-168 
of annual Reception, xiv., 65 
Audubon monument, xiv., 91 

Committee, conference on union of 
local societies, x., 112 

for election of sectional officers. x., 
39 

on completion of volumes of State 
Geological Survey, i. ed 99,100 

on memorial of Dr. J. N. Draper, 
i., 77, 105-108 

on memorial of Dr. A. L. 
i., 108, 147-149 

reports, v., 1, 164, 278 
on library, ix., 127 
on nominations, ix., 127 
on publications, ix., 1, 107, 108, 

127 
special, xiv., 4, 37, 70, 109 
on revision of the by-laws, xiv., 39 
appointed, iii., 37, 71,80, 106 
report of, 1ii., 12, 50-60, 70 
standing, x., 103 

Comparison of the theories of monn- 
tain making, forces and ice ac- 
tion, xiv., 17 

Composite coronography, Viii., 
Composite, vii., 10 
Composition of matter, vii., 259 
Conception of species as modified by 

evolution, xiii., 132 
Concretions of pyrite, ii., 138, 139 
Condenser for water, analysis, xii., 54 
Condition of interior of the earth, 

Holley, 

153 

SEER, ade 
Conglomerate in Page Valley, Va., 

v., 217 
Conglomerate, Shawangunk, joints 

in, iii., 23 
separation of blocks of, iii., 29-30 

Conifer, microscopic structure of, 111., 
87 

Coniferze, iii., 46 
Conifers in Cretaceous, v., 134-136 
Connecticut, minerals from, ili., 77 
Connellite, viii., 9 
Conocardium, iv., 78 
Conocarpu,s X., 0 

eretus,x., 16 

supplement, x., 153-168 
Construction of maps of U. S., viii., 

21 
“Contact actions”’ v., 185 
Contamination of water, vili., 117- 

125 
Continents, erosion of, x., 78 
Continuous eyelobes, trilobites with, 

xiv., 139 
Contributions to 

ment, vii., 117 
to invertebrate paleontology, x., 

4 
to Texan botany, ix., 181 

* of organic chemistry to modern 
science, xi., 107 

Conulus, ii., 152 
Conversion of electricity into light, 

v., 97-102 
into power, V., 
heat into electricity, v 

Convolvulacez, vii., 12 
Convolvulus hermannioides, vii., 12 
Cookeite, v., 80 
Cook, Prof. George H., death of, ix., 

Audubon monu- 

102-110 
, 90-97 

+ 
memorial, ix., 75 

Cooper, Mr. Wm., viii., 44 
Cooperia Drummondi, vii., 14 
Copernicus, index to, x, 87 
Copper at Abiquiu, New Mexico, i., 

20 
gray, Ulay Mines, Col., i., 3 
products, holding silver and tel- 

lurium regions in Northern 
Texas, i., 15-20 

region in Indian Territory, i., 19-21 
axe from Chili, iii., 15 
carbonate, iii., 2 
native, iii., 2. 19 
ores of Triassic age, ili., 18, 19 
series of Lake Superior, lii., 148, 
Silicate. iii., 2 
sulphide, iii., 1, 2, 18, 19 
carbonate, ii., 150 
native, ii., 150 
silicate, ii., 150 
sulphuret, ii., 150 
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implements, iv., 47 
instruments from Houghton, Mich, 

iv., 76 
in pyrites, v., 192 
in San Juan mts., v., 128 
salts of, v., 215 
sulphate of, v.. 215; vii., 217 
in Syria, vil., 172, 174 
alum, vil., 220 
ores, ix., 150 
pseudomorphs, 140; x., 59 

Copperas in Staten Island, vi., 16 
Corals, fossil, vii., 247 

growth of, vii., 253 
in N. Y. drift, vil., 213 

Coral reefs, vi., 32 
Cordaites, ili., 49 
Corchorus pilobolus, ix., 181 
Coreopsis cardaminefolia, vii., 11 

trifida, ix., 482 
Corn, Indian, xii., 8 
Correspondences of Genesis and Sci- 

ence, vil., 151 
Corresponding members, election of, 

Le al LOR woes a: 
members, list, 1i., 126-137 
members, election of, vii., 120, 

140, 145 
members. number of, vii., 131 
members, vil., 219 
number, vil., 127 
members, x., Supplement 
Secretary’s report, x., 133 
Secretary, report of, vili., 127 
Secretary, report, iii., 68 
Secretary, vil., 131, 133 
report, vil., 131, 245 
Secretary, report of, ix., 105 
Societies, ix., 127 

Corylus Americana, ix., 31 
rostrata, 1X., 31 

Coscinodiscus, xii., 120 
Cosmogony of Genesis, vii., 141-154 
Cosmopolitan time, vii., 91-94 
Cossina (Microlepidoptera), xiv. 53. 
Costa Rica, sounds on beach of, iii., 76 
Coster, C. H., elected resident mem- 

ber, xiv., 220 
Cothurina, ix., 34 
Cotton in Brazil, iv., 76 

in Peruvian mummies, iv., 77 
used by Moqui Indians, iy., 77 

Council report of the, ix., 1, 26, 55, 
74, 98, 127, 137, 157, 204 

Counting out rhymes, etc., vii., 39-43 
Corona, solar, v., 245-247, 254 

photographs of, 246 
observations of, vili., 153-156 

Coronado Beach, x., 31 
Corrosion of iron wire cables, iii., 

65, 66 
Corundum, ili., 21, 53 

ancient use in drilling rocks, iii., 
105 ; vi., 6-11 ; vii., 250 

American, vill., 160 
Corundum from Mexico, 1i., 117 
Cove Field’s fauna, vii., 3 
Corrania Mexicana, vili., 80 
Cox, Charles F., elected Treasurer, 

XAl:, 128 
Crampton H. E., elected resident 

member, xili., 234 
Cranial nerves of Amphibia, xii., 56 
Cranial nerves of Amphibia, origin 

and distribution, xili., 176 
Crania, viii., 4, 5, 6, 116 

delineation of, viii., 135-136 
Crassaletta Delawarensis, ii., 12-13 
Craters, lunar, xii., 93 
Crawfish in caves, 1., 59, 65-67 
Creasoting treatment of wood, v., 

116, 118 
Creation, account of, ii., 106-110 

vii., 141-151, 159-162 
Credneria, v., 134 
Crenic acid in peat, i., 76 
Crepidula, peculiar growth, xv., 40 
Cretaceous Leaves from Long Island, 

xiii., 180 
Cretaceous age of Dakota sandstones, 

Verlion 

flora of North America, v., 183-137 
plants from Staten Island, v.,28,29 

rocks, Staten Island, v., 229 
strata in Colorado, v., 126 
strata in Nebraska, ete., v., 133-135 
system, comparative table, v., 135 
rock, vii., 39 
of Syria, vii., 168, 174, 175. 176 
of Long Island, vili., 177-181 
of New Jersey, viii., 47, 178, 179 
of Staten Island, vili., 31, 177-181 
flora of North America, viii., 176 
formation on Staten Island, palze- 

ontology of, xi., 96 
formation on Long Island, xii., 222 
paleobotany of Staten Island, xii., 

28 
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mammals, xii., 27 
of Staten Island, vi., 16 
crust of earth, vi., 28-33 
flexibility of, vi., 32, 33 
thickness of, vi., 28-30, 37 
period, temperate climate, ii., 94, 

95 
teliosts, activity of, ili., 54 
strata, 1., 15-24 
in Chihuahua and Texas, ii., 90, 

94, 95 
marl-belt of New Jersey, ii., 9, 13, 

85, 138, 139 
Crichtonite (?), vii., 219 
Crinoidea, ix., 139 
Cripple Creek gold mines, xv., 127 
Crocidolite, vili., 17; x., 4 

of South Africa, 1ii., 104 
Croton capitatus, vil., 13; ix., 182 

argyranthemus, 1x., 181 
glandulosis septentrionalis, ix., 181 
gracilis, ix., 182 

Neomexicanus, 1x., 185 
Croton water supply, viii., 517-112 
Crow, A. Eugene, eiected resident 

member, xii., 137 
Crowsfeet or Caltrops, iv., 40 
Crucifere, vii., 7 
Crustacea, v., 41-42 

vili., 152 
Crumplings of clays, xiv., 20 
Crustacea, palzeozoie, vili., 152 
Crusiana, iv., 78 
Cryptidine, ii., 63 
Crystalline rocks bordering Trias of 

New Jersey and Pennsylvania, 
Ve, 19)520 

Crystals of calcite, iii., 19, 20 
diamond, iii., 21-72, 105-107 

quartz resembling diamonds, iii.,72 
ruby, iii., 21 
of metallic tin, xi., 96 
spheres, v., 233-267 
of Zircon, vii., 6 
ice, x., 120 

Ctenodus, ii., 145-146 
Cuba, W. I., cultivation of sugar- 

cane, lil., 15, 16 
of sorghum, i1i., 5, 6 
of sugar-beet, iii., 5, 6 
of sugar-cane in Cuba, iii., 15, 16 

Cuculliea, ii., i1 
Cucurbitacez, iii., 45; vii., 9 
Cucurbita foetidissima, ix., 184 

INDEX. 

Cumarine, v., 197 
Cupric hydrate, v., 215 
Cuprified wood of Texas, i., 17-21 
Cuprite, viii., 13;x., 143 
Curacaco flora and funna, ii., 151 

terrestrial molluscs, ii., 151, 152 
meteorological notes in, iv., 47 

Curmatinz, revision of, viii., 177 
Curtis, H. 8., elected resident mem- 

Jerry o-ahoige Itzal 
Curtis, John G., elected resident 

member, xii., 25 
elected sectional chairman, 66 

man, 66 

Curves of efficiency, i., 113, 114 
Cuscuta indecora, vil., 12 

arvensis, 1X., 185 
Cushing, Prof. H. P., elected cor- 

responding member, 63 
Cutter, Rev. Manasseh, paper on sea 

anemones, vii., 244 
Cutting of rock crystal, ete., v., 266, 

267 
of the diamond, ix., 146 

Cyanite, viii., 22-162 
Cycads in cretaceous, v., 134-136 
Cycas, iv., 47 
Cyclones in the West, iii., 3-5 
Cyclops, ix., 33 
Cyclostomata, vii., 259 
Cyclura bocolopha, x., 52 
Cygni, notes on, x., 61 ; xiii., 170 
Cylindrella, ii., 152-153 

Raveni, ii., 152 
Cymbella, xii., 220; xiii., 101 
Cyperacez, vii., 14 
Cyperus Mristatus, vii., 14 

Berkleyi (new) ix., 13 
cyrtolepis, ix., 182 
levigatus, (new) ix., 14 
wniflorus, ix., 182 

Cypris, ix., 33 
Cyprina Morrisii, 1i., 12 
Cypsilidee, iv., 34 
Cyrtoceras, viii., 115 
Cyrtolite, viii., 185 
Cystids, vii., 2 

Dactylethra, vii., 257 
Deedalea confragrosa, v., 111 

voraz, v., 111 
Dakota, minerals from, iii., 17 

Sandstones, v., 133-134 
tin mines of, viii., 146, 148, 150 
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Dalbergia Rinkiana, xii., 236 
Dalea formosa, ix., 183 

lasiatha, ix., 183 
laxiflora, ix., 183 
mand, Vil., 9; ix., 183 
lasianthera, vii., 9 

Dalmanites anchiops, i., 57 
Dam, Quaker Bridge, viii., 117-125 
Dammara, v., 136 
Dammara borealis, xii., 31 
Damourite, ii., 25; vili., 12 
Dana, James Dwight, memorial of, 

xiv., 260 
Danburite, vili., 162 
Daucus pusillus, vii., 10 
Daphnetine, v., 197 
Darkening of atmosphere by smoke, 

lii., 60-61 
Dasylirion, ili., 39 
Dasylirion Texanum, ii., 93 
Dasyurus, xii., 51 
Dates of erection of pyramids, ii., 

115, 116 
Datolite from Weehawken, N. J., 

1, L290 itSos Vile, Sols 1x. 42 
143 

Davis, E. H., death of, vii., 237 
Davyum, v. ,’200 
Dean, Bashford, elected Curator, xii., 

128 
pe of Prof. A. W. Von Hoffman, 

, 155 
of ie T. Sterry Hunt, Se 
of Dr. John C. Jay, xi., 32 
of Dr. John I. Northrup, Xie) il 
of Dr. L. M. Rutherfurd, xi., 155 

Decay of building materials, v., 56— 
gol 

of wood, v., 72, 
of building stone, ii., 

138 
of wood, viii., 85, 86, 89, 110 

De Candolle, Alphonse, death of, 
iio, AuSI7/ 

Deceased members, iii., 2, 33, 37, 56, 
66, 80 

Decease of members, ix., 4 
Decipium, v., 200 
Decomposition of meteorites, v., 231 

of pyrites, v., 231 
of rocks, v., 118 
of wood, v., 110-120 

Deep-well temperatures, xili., 6 
Deer in Syria, vii., 171 
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110-120 
67-79, 120- 
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Deformation of skulls, vili., 4, 5, 6, 

Delaware Valley, gravels, iii., 7-12 
Delphinum azureum, 1x., 183 
Delphinus delphis, xii., 50 
DeMelli, Mr. H. A., vili., 156 
Dendrodus, vi., 138 
Dentrophycus Triassicus, vi., 126 
Dentalium elephantinum, iii., 62 
Dennett, W.8., M. D., elected mem- 

ber, xv., 134 
Dentition of elephants, i., 153 
Denudation of the two Americas, v., 

77-78 
Deposits, surface, x., 8 
Dermal appendages, vii., 80 
Descloizite, iii., 100 
Description, new species Aplodentia, 

Vasag 
new species bird, ete., v., 17 
placoderm fishes, etc., v., 25-28 
of new tribolites, vii., 247 
of new Titanichthys, vi., 164 

Desert of Sinai, ix., 104 
flora and fauna of the, ix., 125 
geological notes on, ix., 122 
minerals of the, ix., 124, 126 
physical geography of, ix., 110 
sand of the, ix., 123 
sandstones in the, ix., 115 
water of the, ix., 120 

Desmanthus Jamesii, vii., 9 
Desmodium, xii., 60 
Desmodium canescens, 1x., 183 

Tilineense, ix., 183 
Tweedyi (new), ix., 183 

Destruction of Adirondack forests, 

a 

i., 35-37 
Destructive influence of fungi, v., 

110-120 
Determination of organic matter in 

water, ii., 111-114 
Development of aéronauties, vii., 113 

science in New York, xii., 242 
Devil’s corkscrew, xiv., 66, 79 
Devonian fishes, vii., 178-179 

fishes in Edinburgh museum, viii., 
11 

formation, i1., 1 
placoderms armor, ili., 54 
of Ohio, fishes on, v., 25-28 
of New Jersey, vi., 59 

Dewalquea Haldemiana insignis, xii., 
86 
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Deweylite, iii., 17 
Diabantite, viii., 17 
Diabase, i., 21; xiv., 201, 213 

dikes in Thousand Islands, xiii., 
213 

Diagonal trends of the earth’s crust, 
1X, GLO 

Diamond cutting and polishing, ix., 
146 

washing, ix., 147 
from Butte county, Colo., 
from North Carolina, vi., 39 
from Georgia, vii., 166, 251 
great orange, vii., 49 
Koh-i-nor, vii., 49 
origin of, vil., 236 
North American, viii., 
x., 49 
from Wisconsin, xiii., 145 
crystals of, iii., 21, 72, 105, 107 
illustration of hardness of, iv., 59 

Dianthera parvifolia, ix., 181 
Diatomacere, vi., 50 
Diatomaceous earth, xii., 217 

Adirondacks, xiii., 97 
New Jersey, vili., 16 

Diatomez, ix., 33 
Diatome structure, xiv., 71 
Diatoms, x., 119 

in Beaver Pond, xiii., 188 
in clays of New York State, xiii., 

165 
Dichoplectella, xiv., 112 
Dickerson, E. N., elected resident 

member, Xiv., "220 
Dicksonia, v., 136 
Dicorea Brandegei, viii., 77 
Dietyonema flabelliforme, 

Xiv., 272 
Dietyopyge macrura, vi., 127 
Dicynodont reptile, v., 20 
Didelphys, xii., 187 
Didymium, v., 185; vii., 220, 236 
Diffraction of sound, viii., 130, 131 

theory of corona, v., 246 
Dikes in Essex county, New York, 

Xill., 229 
Dimorphous foliage of Sphenophyl- 

lum, ili., 46 
Di 3 (new element), v., 200 
Dinichthys, ii., 147; iii., 20; v., 25-28; 

vi., 164, 165; xii., 187 
corrugatus, v., 26 
Curtus, vii., 179 

TN isn sat 

159, 160 

Eichwald, 

) 

INDEX. 

Gouldii, v., 26 
Hertzeri, v., 26 
minor, V., 26 
Terrelli, v., 265 vii:, 1'79 
tuberculatus, vii., 179 

Dinichthys, vertebral column, fins 
and ventral armoring of, xv., 
157 

anterior ventrals, xv., 159 
posterior ventrals, xv., 159 
Notochordal area and vertebral 

arches, xv., 161 
supporting elements of the dorsal 

and pelvic fin, xv., 162 
Dinichthide, v., 28 
Dinocerata, iv., 20 
Dinosaurs in Brussells museum, viii., 

11 
Dinosaur skeleton in Connecticut, 

Vie li 
Dinotherium, iy. 
Dinwiddie, Mr. 

viii., 2 
Diodontidz in American seas, v., 89 
Dionza, xii., 9 
Diodmites longifolius, vi., 126 
Diopside, vili., 162 

from DeKalb, New York, i., 136 
Dioptric and diffractive images, i1., 

83 
Diorite from Colorado, vii., 16 

in Syria, vil., 168, 174 
porphyrite, xiv., 210 
orbicular, ix., 145 

Dioryte, i., 21, 49 ; 
Diospyros, v., 136 
Diospyros primexva, xiii., 181 

Steenstrupi, Xii., 34 
Diplachne dubia, ix. , 182 
Dipleurus, v., 18 
Diplognathus, ii., 147 
Diplognathus mirabilis, v., 27, 28 
Diplograptus foliaceus, vii., 3 

Ingosus, vii., 3 
Diplotheca Hyattiana xiv., 130 
Diplurus, fin structures of, xiii., 22 

longicaudatus, vi., 127 
Diphenylamine-acrolein, i., 127-128 
Diptera, v., 45 
Dipterus, ii., 146; vi., 127 
Dipterusvalenciennesi, xiii., 131 
Discogloseus xii., 245 
Discharges, vacuum, xi., 72, 124 
Discoveries by Priestley, vii., 198 

, 20, 22 
’ Robert, death of, 

ii., 94-95, 149 
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Discovery in prehistoric mounds of 
Ohio, ili., 97 

of chloroform, xi., 149 
of elements, v., 181 
of the New World, influence of 

Science upon, xii., 242 
of North Pole, i., 40-48 
of stone implements at Trenton, 

vir ee a (ed 
of substances, lii., 192, 

199 
of tablets in Valley of Euphrates, 

ile Sa 
Discussions, ix., 4, 5, 21, 37, 38, 45, 

46, 69, 70, 83, 94, 95, 103, 136, 
199, 200 

Disease germs, vi., 57 
Disintegrated sandstone at New 

Durham, ii., 117-120 
Disporum trachycarpum, viii., 79 
Distilling apparatus, xii., 54 
Distinction between ontogenic and 

phylogenic variation, xv., 141 
changes by environment, xv., 

Distribution of time, mode of, i., 86 
-87 

Divination, vii., 42 
Division of Eutherian Mammals, 

xiii. 2 175, 234 
Dodge, R . E., elected member, xv., 

34 

193, 197, 

Doe River Gorge, East Tennessee, v. 
220 

Dogfish, Anatomy of the Ear of, xv., 
176 

Sacculus, 177 
Lagena, 178 
Utriculus, 178 

* Sinus Utriculus, 178 
Recessus Utriculus, 179 
Semicircular Canals, 179 
Ampulle, 180 
Nerve supply, 180 
explanation of figures, 181 

Dog-tooth spar, vi., 221 
Dolomite, v., 216 

in San Juan mts., v., 122, 125 
in Staten Island, v., 229 
pink, vi., 39, 91 
Vill., 21, 51, 53, 54 

Dolomyte, durability, ii., 128-130 
of New York Island, iii., 48-49 
vii., 21, 68, 215, 217, 218, 219, 

221, 224, 227 

142. 
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Domestic animals, terms used, etc., 
li., 120-122 

Dominion Government Survey Re- 
ports, xiv., 191 

Donald, James M., elected member, 
xv., 147 

Doricha evelynx, x., 52 
Dorchester sandstone, i1., 

136 
Ohio sandstone, 1i., 

of dolomyte, vii., 
of pyrite, vil., 38 
of stone, vii., 175 
of marble, iii., 100 

Double Stars, v., 259 
Douglass, James, elected member, 

xv., 147 
Draba platycarpa, vii., 7 
Dracocephalum, xiii., 98 
Draper, J. W., memorial of, i., 77, 

105, 108, 163 
Draper, Dr. H. W., memorial of, ii., 36 
Drift, glacial, vii., 18, 39, 50-54, 59 

glacial, vi. , 12, 18 
pre-glacial, vi., 16, 18 

Drift-hills of Western N. Y., i., 77-80 
Drilling of rocks by the ‘atolenite, 

iii, 105 
Driven wells, vi., 77-91 

patents for, vi. "91 
‘* Dry rot’? in timber, v., 110-120 
Dues and Fees, vii., 129-130 

Vill., 126 
Dufreynite, ii., 13 
Dumortierite, vii., 230; vili., 161 
Dunegan meteorite, vii., 6 
Dunes of Syria, vii., 167 
Durability of blue sandstone, ii., 

126, 136 
brown sandstone, 1i., 122-124, 136 
building stone, ii., 73-75 
gneiss, li., 135, 136 
granite, li., 134, 135, 136, 138 
limestone, ii-, 128, 136, 137 
marble, ii., 128, 133, 136 

Dust columns at Sombrero Island, 
Utes 

Dutch Gap, x., 36 
Duties on specimens, ii., 79 
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Guano, ix., 85 
Guatemala, obsidian implements, i., 

105 
Guilleminia illecebroides, ix., 181 
Gulf Stream, vili., 117 
Gulo, xii., 51 
Gunnison Col. iron ores, i., 7 
Gurhofite, v., 229 
Guthrie, Ossian, elected correspond- 

ing member, xii. , 93 
Gutierrezia Enthamix, vii., 10 

Sarothre, vii., 10 
Gutierrezia, vili., 77 
Guyacum Coulteri, 1i., 92 
Guyot, Arnold, life of, iii., 66-68 
Gymnosperma corymbossum, vii., 10 
Gymnosperms, in cretaceous, v., 135-— 

136 
Gypsum in caves, ii., 38-40 ; iii., 19 

and salt, Saltville, iv., 1 
in Northern Texas, i., 17 
Utah and Nevada, i., 172-173 

Gyracanthus tuberculatus, iii., 104 
Gyrating bodies, vi., 131-134 
Gyroscope, vi., 131, 133 

gyrostal and other rotating bodies, 
studies of, iv., 36 

Habranthus, 11., 92 
Habranthus Andersonti, vii., 14 

Thurberi, viii., 78 
Heckel, Ernst, selected honorary 

member, xili., 155 
Hair hygrometer, use of, xv., 157 
Hairless mouse of California, xiv., 45 
Halectites, in Luray Cave, v., 217 
Haliotis, vili., 162 
Hallock, Wm., elected resident mem- 

ber, xii., 93 
Hanksite, viii., 9 

from San Bernardino county, Cal., 
ayn ty 

Haplopappus spinulosus, vii., 10 
Hardness of Brazilian diamond, v., 

223-224 | 
Harringtonite, v., 77 
Harlem, minerals of, v., 74-77 
Hartford, Conn., gasteropods in 

streets of, i1i., 20 
Hartley, Marcellus, elected resident 

member, xv., 147 
Harpides, vii., 2, 3 

25 (sis) 

Harvard College Observatory, photo- 
graphs and Reclus planetary 
photographs, J. K. Rees, xv., 
147 

Havemeyer, Wm. F., elected resi- 
dent member, xy., 147 

Hawaiian Islands, x., 3 
Head of a South American Indian, 

xi., 26 
of sandstone from Staten Island, 

li1., 81 
Health-foods, ii., 95 
Heart of Africa, (title) vi., 165 
Heat of earth, vi., 20-22, 29, 32, 33 

of sun, action on stone, ii., 123 
of sun,v., 240-241 
from moon, v., 238 
from chemical energy, v., 189 
into electricity, v., 90-97 

Heating surface required in steam- 
pipes, i., 67-70 

Heavenly bodies, origin of, xiii., 170 
Hedeoma Drummondii, vii., 13 
Hedeoma procumbens, viii., 80 
Hedera, v., 136 
Hedysarum, xii., 58 
Helenium amphibolum, vii., 11; 1x., 

182 
elegans, ix., 184 
Hoopesi, viii., 79 
microcephalum, ix., 181 
nudiflorum, ix., 182 
setigerum, Vii., 11 
tenuifolium, ix., 184 

Helianthus, 1., 8 
Helianthus annus, vii., 11 

ciliaris, vii., 11 
Maximiliani, viii., 81 

Heliochrysum, v., 137 
Helicoceras, ii., 94 
Heliostat, xv., 135 

with small mirrors, xv., 155 
Heliozoa, ix., 33 
Helix alternata, v., 218 

pentodon, ii., 153 
pomatia, xili., 136 

Hematite, ii., 7-8, 14-17; v., 217 
of Gunnison, Col., i., 7 
in Southwest Virginia, i., 162 

Hemiptera, v., 45 
Herderite, iii., 37 

new locality, v., 80; vili., 12 
Hering, Daniel W., elected resident 

member, xv., 147 



326 

Herpestis chamexdrorides, ix., 181 
Herter, C. A., Elected resident mem- 

ber, xili., 151 
Heteropogon contortus, ix., 182 
Heterotheca Lamarckii, vii., 10 
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Jadeite, vi., 139-141 
adze, vi., 139, 140 

Japanese amber, viii., 157 
crystal spheres, v., 235, 267-275 
cost of, v., 273-275 
cutting of, v., 270-274 
size of, v., 274, 275 
use of, v., 267-269 
weight of, v., 276 

Jasper, i., 117 
Jasperoid rock, viii., 180, 181 
Jasperized woods, vi., 165, 166 
Jatropha spatulata sessilifolia, ix., 181 
Jay, Dr. John C., death of, xi., 32 

resolutions on death, xi., 40 
Jebel Nagous, viii., 182, 183; ix., 140 

sonorous sand hill, ili., 98, 99 
Jeff. Davis Mine, x., 63 
Jefferisite, v., 77 
Jersey City buildings, ii., 67, 71 
Jesup, Morris K., elected member, 

Xi, 20 
Jugatez, xiv., 50 
Joints in the Shawangunk conglom- 

erate, ili., 23 
Jones, C. N., elected resident mem- 

ber, xii., 40 
Jouite, ix., 35 
Journey in S. A., vi., 129, 138, 147 
Judith River beds, ix., 29 
Juglans, v., 136 

nigra, ili., 107 
rupesiris, ii., 92; vili., 76; ix., 185 
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Julien, A. A., elected Councillor, 
XdDgy 12S} 

‘Jumbo,’’ v., 223 
Juniperus, v., 136; vi., 124 

hypnoidis, xii., 29 
occidentalis, var monosperma, Viii., 

76 
pachyphlea, 76 

Jupiter, v., 251 
satellite of, xii., 27 
surface marking of, xii., 218 

Jurassic fossils, v., 19 

Kaaterskill Creek and Clove, N. Y., 
i., 24-27 

Kalinite, vi., 130 
Kalmia Brittoniana, xii., 34 
Kames in Catskill Mts., i., 27 
Kamsin, ix., 114 
Kane, S., Nicholson, elected resi- 

dent member, xiv., 154 
Kanai, sonorous dune, ili., 98 
Kaolin of Long Island, viii., 179 

of New Jersey, viil., 178 
of Staten Island, viii., 178 

Kapa, x., 27 
Kauai, x., 28 
Keir, Mr. James, viii., 23, 24 
Kemp, James F., elected Librarian, 

xi., 128 
elected fellow, xii., 39 
elected resident member, Xi., 25 

Kerolite, v., 229 
Kerosene oil, methods of ascertain- 

ing safety of, i., 137-143 
Kerr, W. C., elected resident mem- 

ber, xiii., 151 
Kew herbarium, viii., 3 
Kidney of Elephas Indicus, xiii., 110 
Kilauea, viii., 82 
Kimberly Farm, Kan., view of the, 

ix 86 
Kingston Group, xiv., 209 

sub-group, xiv., 193 
Kiowa Co. meteorites, ix., 138, 186 

analysis, ix., 190 
map, ix., 188 
weight, ix., 189 

Kjeldahl method, v., 24 
Kjockken moeddens, ii., 141-143 
Knight, George H., elected resident 

member, xi., 25; xii., 218 
Koch’s method for development of 

bacteria, ii., 113, 114 

INDEX. 

Kootenai Lake, x., 57-61 
Krakatoa, distribution of volcanic 

dust of, iii., 60, 61, 64, 65 
microscopic examination of ash, 

lii., 14, 63, 64 
eruption of, vili., 82, 83 

Krameria lanceolata, vii., 8 ; ix., 183 
spe G. F., elected Curator, xii., 

28 
Kyanite in Mica schist, iii., 22; v., 

75, 222 

Labiatee, vii., 13 
Laboratories, marine, xii., 95 
Laccolite elevation in San Juan 

Mts., v., 129 
Lactuca pulchella, viti., 80 
Lake Champlain, colored marbles, 

iii., 100 
at High Point, N. Y., iii., 29 
Meeris, Egypt, Survey at, ili., 78, 

79 
Mohawk and Minnewaska, N. Y., 

iii., 27-30 
Nicaragua, species of skate in, iii., 

38 
at Sands Point, N. Y., ili., 26 
Superior, ancient mining excayva- 

tions at, iii., 14 
Copper series at, iii., 13, 14 
first steamboat on, iii., 13 
ores, lil., 1, 2 

Lakes, artificial, vili., 117-125 
Lake Kootenai, x., 57-61 

Champlain valley, trap dikes in, 
Nala yailtey 

Champlain geology of, xv., 19 
Champlain, petrography and dis- 

tribution of trap dikes in the 
region of, xv., 105 

Lamborn, Robert H., memorial, xiv., 
12 

Lamna, ii., 85 
cornubica, vi., 70 

Lamp, are, x., 104 
Land and people of Paraguay, xi., 

24 
Land shells of Curacao, Buenos Ayres 

and Aruba, ii, 151-154 
Porto Rico, 150 

“Tandskibet,’’ vi., 93 
Language of Iroquois Indians, ii., 

a7-61 
and customs of the Iroquois, iv., 34 
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Language of ancient Egyptians, iv.,60 
Lantana camara, vii., 13 
Lantern Hill, Mystic, Conn., great 

quartz vein of, xv., 183 
microscope, lil., 105 
projections, x., 103 

Lapidary work at Oberstein, iii., 62 
Lapis lazuli, ix., 148 
Laguna Beach, x., 32 
Laramie City, Wyo., calcite crystals, 

TUN ye 45 LO 20. 
flora, x., 3 
group, 1x., 27 
relation of, to the Puerco, xii., 69 

Larrea Mexicana, ii., 92; ix., 181 
Larvee, classification of Lepidopter- 

ous, Xiii., 161 
of Limulus, ii., 106-107 

Lathyrus Arizonicus, viii., 65 
Latitude, determination of, v., 235 

variations of, xii., 26 
Laumontite, ii., 89; vi., 129 
Luray Cavern, ii., 38-41; v., 217 
Laurencite, in meteorite, vi., 161 
Laurentian formation, ii., 7 

iron ores, li., 7, 8, 14-17 
rocks, v., 216 
rocks of 8. E. Penna., vili., 48-51 
of Westchester Co., N. Y., viii., 52 
rocks, notes on, xiv., 21 
series, xiv., 192, 194 

Laurus Holle, xii., 34 
plutonia, 236 
primigenia, 33 

Lava caves, ii., 36 
plain in Idaho, i., 4-5 

Laveesium, v., 200 
Law of deflection in steel rails, xv., 

147 
Laws of fatigue, ete., vi., 114-121 
Lawrence, Mr. George N., xiy., 71- 

72 
Lawton, James Marsland, Jr., elected 

member, xv., 34 
Lead disulphate, xiv., 5 

native, i., 3 
oxide, 1.,; 3 
native, ili., 2 
red oxide, ili., 2 
sulphide, iii., 2, 23 

Lea, Dr. Isaac, memorial of, vi., 65 
Leaf-bearing sandstones at Glen 

Cove, L. I., iii., 30-31 
Leaf forms, origin of, iii., 38-49 

351 

Leaf impressions in ‘‘Amboy ”’ clays, 
v., 136 

Lechea, xii., 188 
Lecture course, programme, 1., 95 
Lecture experiment, v., 214, 215 
Lectures, public course, viii., 59, 82, 

1141305 1515 163 ; 1x. 55; ‘71, 
83, 104, 127, 133, 139, 156, 200 

Lederle, Ernest, elected resident 
member, xi., 25 

Leeches Excreting, System of, xiv., 
79 

Lee, Frederick §., elected resident 
member, xii., 25 

Leersia oryzoides, 1x., 14 
Virginica, ix., 14 

Leguminose, vii., 9 
Leguminosites frigida, xii., 34 
IGSIES ee V7 : 
Lembke, Charles F., elected resident ~ 

member, xiv., 154 
Leucophyllum Texanum, vii., 12 
Lenum Berlandieri, vii., 8 

multicaule, vii., 8 
Lenses, glass, vi., 96-103 
Lentinus Lepideus, v., 111-113 
Lensites vilas, v., 111 
Lepachys Columnaris pulcherima, ix., 

184 
Lepidium intermedium, vii., 7 
Lepidoptera, v., 44 
Lepidosteus, vii., 257 
LePlengoon, Dr., discoveriesin Yu- 

eatan, v., 173, 175, 178 
Leopardite, v., 222 
Leptzna, vii., 2 

Sericea, vii., 4 
Leperditia (?) ventricosa, Steadi, minor, 

primeva, xiv., 137 
Lepiditta sigillata, xiv., 138 
Lepidodendrum, iv., 75, 76 
Lepidolite, v., 80 
Lepidoptera, a list of, ix., 2 
Lepidopterous larvee, Classification 

of, xiv., 47 
Lepidosteus, vil., 257 

breeding habits of, xiv., 45 
Leptzena, vii., 2 

sericea, vil., 4 
Lespedeza, North American species 

Oi, saul. He 
Leucite in New Jersey, xiii., 144 
Leucophyllum Texanum, vii., 12 
Level of N. J. Coast, vi., 39 
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Levine, Edmund J., elected resident 
member, xv., 147 

Lexell’s Comet, history of, x., 110 
Leytter, Emile, elected resident 

member, xv., 147 
Liatris punctata, vii., 10 
Libbey, Jr., Prof. Wm., elected cor- 

responding member, xili., 171 
Libocedrus decurrens, iii., 85 
Librarian, vi., 1, 109-167 

report, iii., 70 ; vili., 126, 127 ; ix., 
3, 56, 107 ; xiv., 90 

Librarian’s report, xv., 132 
Exchanges added, xv., 132 
Requests for publications, xv., 132 
Librarian’s expenses, xv., 133 

Library, accessions to, viii., 4, 29, 
175, 184 

Library of Academy, condition and 
increase, ili., 70 

removal, iii., 106 
Library of Academy, v., 1, 20, 164,282 
Library, Academy by law, vi., 1 

transfer of, vi., 12, 109, 110 
accessions, vi., 109 . 
exchanges, vi , 167-182 

Library, disposition of, iv., 46 
Lichens, attack on Stone, ii., 123 
Life of Arnold Guyot, iii., 66-88 

Benjamin N. Martin, iii., 56-60 
building stones, in New York, ii., 

136 
Mr. Thomas Bland, v., 29, 278 
Dr. A. C. Post, v., 280 
Triassic, vi., 124-128 

Light, are, x., 103 
oxhydrogen, x., 104 
electric, v., 97-102 

Lightning, protection from, xiii., 111 
Lignite, ii., 86 ; v., 230; ix., 35 

in ‘‘ Amboy”’ clays, v., 136 
Ligusticum montanum, viii., 80 

scopolorum, viii., 78 
Likeness of Dr. Priestley, viii., 17-20 
Liliacea, vii., 14 
Limaz agrestis, xiii., 136 
Limestone, i., 15-19, 22, 58 

erosion of, i1., 60 65 
li., 11, 16, 25, 69-72, 85, 95 
caves in, ii., 36-41 
durability, ii., 128, 186, 137 
eocene, near Green River, iii., 13 
pebbles, curiously grooved, iv., 2 
V., 222 

INDEX. 

at Natural Bridge, v., 218 
beneath Trias of New Jersey, v., 19 
in San Juan Mts., v., 125, 126 
overlying ‘‘ Dakota,’’ v., 133 
stains and decay in, v., 62 
of Staten Island, vi., 13-15 
of Ne Jiavis, 09 
of Illinois, vi., 137, 138 

Limit to economical expansion in 
steam engines, ii., 1 

Limnanthemum lacunosum, iii., 43 
aquaticum (new), ix., 121 

Limonite, ii., 7, 14-17; ii1., 18; v., 
229,230; vir, 16, Di ORE 
vili., 54, 60 

of Staten Island, viii., 180, 181 
from St. John’s River, xiii., 22 

Limulus, ii., 8; xii., 241 
larvee of, ii., 106-107 
polyphemus, ii., 106-107 

eggs of, iv., 5 
Linaria Canadensis, vii., 12 
Linez, vii., 8 
Lingual dentition of pulmonate mol- 

luses, ili., 71 
Lingula Quebecensis, vii., 2 
Lingulella (?) eelata, inflata, ovealis, 

Xiv., 126 
martinensis ef. granvillensis, Xiv., 

113 : 
Linum Berlandieri, vii., 8 

multicaule, vii., 8 
Linnarssonia transversa, xiv., 125 
Lip ornaments, ix., 153 
Lippia lanceolata, ix., 185 

ligustrina (new ),.ix., 181, 185 
lycioides, ix., 181 

Liquefaction of gases, v., 190-191 
Liquidambar, iii., 47 

Styraciflua, iv., 31 
Liriodendron, iii., 41, 94; v., 136 
Liriodendron, xiii., 133 

simplex, xii., 33, 232; xiii., 130, 180 
primvum, X1i., 35 

List of Contributors to Publication 
Fund, iii., 112 

Corresponding Members, ili., 126- 
137 

Honorary Members, iii., 123-125 
Patrons of the Academy, iii., 113 
Resident Fellows and Members, 

’ jii., 114-122 
Subscribers to old Building Fund, 

iii., 109-111 



INDEX. 

List of Exchanges, vi., 167-182 
species of Band b (Protolenus 

Fauna), xiv., 148 
State and local floras, ix., 108 

Literature, Astronomical, v., 261-262 
of Electrolysis, i., 163 
of Ozone, iii., 34 

“Lithia Fmerald,’’ viii., 161 
Lithium Bichromate, in Golgi stain- 

ing, xili., 206 
Lithology of N. Y. Island, viii., 

53-55 
of S. E. Penn’a, viii., 47-51 

Lithomarge, vi., 3 
Lithospermum canescens, vii., 12 
Lithostrotion microstylum, vii., 247 
Little Bahama Bank, x., 4 
‘* Little builders of the Earth,”’ viii., 

151 
Living matter, structure of, ii., 79-84 
Livonia salt well, ix., 41 
Lobelia Clifforteana brachypoda, ix., 

185 
Ieocal) Com., A. A. A. S:,-vis,, 129; 

130 
Lochs and crannogs of Scotland, xi., 

48 
Locomotive, capacity of, v., 144, 145, 

152 
combustion in, v., 144-146 
development of, v., 188-143 
fuel necessary in, v., 144-146, 150 
speed of, v., 143, 144 
weight of, v., 145, 152 

Locomotion of animals, i., 164-167 
Loeb, Morris, elected resident mem- 

ber; suit.) 
Loelaps, 1ii., 53 
Loess formation, fossils of, iii., 14 
Long Island and Nautucket, xv., 

Cretaceous material in the Moraine, 
Xv., 5 

Marine Cretaceous, xv., 3 
yellow Gravel, xv., 5 
Cretaceous of, viii., 177, 181 
Geology of, iv., 25 
Geology of North Shore of, xiii., 

122 
Longitude, v., 235 
Lonicera involucrata, viii., 80 
Loperia simplex, vi., 126 
Louisiana cane juices, ete., ix., 108 
Love, E. G., elected member, xv., 

134 
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Lower Niagara limestone, certain 
crinoidea of, ix., 139 

Lower Silurian Strata, v., 216 
Lowest temperature, v., 191 
Loxoclase feldspar, ii., 147 
Lumbricus, xiii., 135 
Lumeniferous ether, v., 77 
Luminous limestone from Utah, iii., 

100 
Lunar craters, xii., 93 

photographs, xii., 26 
eclipse, photographs of, xv., 63 
‘Society,’ viii., 23, 24 
surface, changes on, xi., 42 

Lupinus subcarnosus, vii., 9; rivularis 
var. latifolius, vili., 80 

Luquer, L. Mcl., elected resident 
member, Xii., 25 

Luzula spadicea var. parviflora, viii., 
78 

Lycopodium dendroideum, iii., 47 
Lygodesmia aphylla, vii., 11; ix., 184 
Lyrodesma pulchella, vii., 4 
Lythrum alatum, ix., 181-184 

alatum linearifolium, ix., 181 

Macadam pavements, viii., 43 
Machairodus, iii., 53 
Mackintosh, J. B., viii., 9, 185 
Macroceramus, ii., 152, 153 

Gossei, ii., 152 
inermis, li., 152 

Macrotus waterhousei, x., 52 
Mactra alta, ix., 31 
Macy, Chas. A. 2d. elected resident 

member, xiv., 154 
Madonna mine, Colorado, v., 130 
Madrepora cervicornis, x., 7, 20 
palmarum, x., 20 

Meandrina, x., 7 
‘Magic Stone,’ vi., 111, 112 
Magnesian limestones, v., 216 
Magnet Cove, Ark., perofskite, iii., 17 
Magnetic Circuit, xv., 97 
Magnetic iron, x., 59 

storms, v., 240 
Magnetism of earth, v., 240 
Magnetite, ii., 7, 8, 13-17, 94; iii., 

17, 18; vi., 130-162; viii., 54-59 
of Gunnison, Colorado, i., 7 
in New York Island, v., 232 

Magnitudes, star, x., 117 
Magnolia, iii., 47, 84, 85, 94, 96; v., 

136 
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Magnolia alternans, xiii., 181 
Capellini, xii., 254 
ongifolia, Xii., 36 
speciosa, xii., 234 
glauca, iv., 31 

Maine, minerals from, ii1., 2 
Majanthemophyllum pusillum, xii., 36 
Major Planets, v., 250-253 
Malachite from Arizona, v., 19 

from N. Y. City, vi., 41; viii., 12, 
45, 59; ix., 148 

Malpigiacea, vii., 8 
Malvacee, vii., 8 
Matlvastrium, viii., 77 

Americanum, ix., 181 
tricuspidatum, ix., 181 

Mammalia, genealogy of, v., 89 
the rise of, xii., 53 

Mammalian fauna of Lower Miocene, 
xii., 50 

Mammals, Cretaceous, recently dis- 
covered, xii., 27 

from White River Deposits, Dak., 
xiii., 176 

Mammoth cave of Kentucky, i., 59- 
66; ii., 38-41 

extinction of, iv., 19, 23, 25 
Siberian Skin of, iv., 24 

Menaccanite, ii., 7 
Man, antiquity of, iii., 7-12 
Manchester, Mass., ‘‘ singing beach’’ 

at, iii., 73-75 
Manganese, x., 59 
Manganese ore in southwest Vir- 

ginia, 1., 163 
oxide, ii., 14, 17, 100; vi., 91 

Mangroves, x., 6 
Mann, Charles Riborg, elected resi- 

dent member, xi., 40 
Man of Spy, viii., 182-135 
Manufacture of stone tools, x., 110 
Maple juice, sap-sand, i., 168 

sugar, artificial, v., 194 
Map of U.8., construction of, viii., 

21 
Marbles, colored, ix., 95 

from Manchester, Vt., ix., 96 
from Numidia, ix., 95 
of the ancients, iii., 101, 102 
of Virginia, i., 163 

Marble, decay of, ii., 38, 71, 72; v., 
62-69 

durability of, i1., 128-133, 136 
flexibility of, ii., 180-133 

INDEX. 

quarries of Western N. E. and 
Eastern N. Y., xv., 182 

Marcasite, v., 231; viii., 54 
in Mica, v., 121 

Margaritana, viii., 163 
Margarops albiventris, vi., 111 
Marginal modifications of the leaf, 

lii., 39-41 
Marié, Peter, elected resident mem- 

ber, xiv., 154 
Marine Laboratories of Europe, xii., 

oO 

Marl] belt of New Jersey, ii., 9-13, 
85 

Marmolite, i., 58; v., 229 
Marrubiun vulgare, ix., 185 
Mars, v., 249-250 
Marsh gas, v., 190 
Marsileaceze, vii., 14 
Marsilea macropoda, vii., 14 
Martha’s Vineyard, Geology and 

Botany of, xiii., 8 
Martin, Benj. N., life of, iii., 56-60 
Martin, D. S., elected Councillor, 

xii., 128 
Massachusetts, minerals, iii., 17, 18 
Mastodon, iv., 20, 22; vi., 59; vil., 

52, 128, 246 
remains, v., 15, 117, 223 
tooth, viii., 2 

Mauna Loa, viii., 82 
Maximowiczia Lindheimeri, vii., 9 
Maya inscriptions and carvings, v., 

170-178 
Mayer, Prof. A. M., elected resi- 

dent member, xiil., 234 
McLouth, Lawrence A., elected resi- 

dent member, xv., 147 
Meandrina convexa, vii., 253 
Mearns, Dr. E. A., viii., 60 
Measurements of air effects, xiv., 169 
Measures of Stars about Beta Cygni, 

xi., 120 ; 
Mechanical power from electricity, 

v., 102-110 
from heat, v., 95-97 
into electricity, v., 94-97 
science, researches in, ii., 18 

Medicago Virginica, xii., 58-64 
Medical knowledge of Indians, v., 

203 
Medina sandstone, v., 216 
Mediterranean, amber of, vili., 157 
Meduse, v., 37 



INDEX. 

Meeting, annual, ii., 95-100 
of National Academy of Sciences, 

xi., 41 
Meetings of Academy, v., 162 

annual business, xv., 128 
extra, xv., 123 
business, xv., 1, 34, 97, 123, 128, 

134, 147, 155 
stated, xv., 1, 3, 39, 50, 62, 66, 70, 

98, 104, 125, 127, 137, 143, 146, 
148, 153, 154, 157, 182 

Megaceros, xiii., 180 
Megalosaurus, iii., 53 
Melamine, v., 195 
Melampodium cinereum, vii., 11; ix., 

184 
Melanterite, stalactitic, vili., 22 
Melastomacee, iii., 41 
Melica diffusa nitens, ix., 185 
Melochia pyramidata, ix., 181 
Melosira, ix., 35; xii., 220; xiil., 

181 
Members, election of new, i., 77, 

10557 1295 150, dos 55 1635, 176, 
180 

deceased, i., 77, 108, 158, 159, 164 
election, ii., 24, 42, 62, 79, 100 
resignation, li., 9, 42, 57, 62, 154, 
decease, ii., 2, 36, 67 
corresponding, election of, iii., 1, 

18, 32, 37, 48, 72 
decease, ili., 2, 33, 37, 56, 66, 80 
election of new, iii., 1, 18, 31, 32, 

37, 48, 55, 71, 72, 80, 100, 106 
resident, election of, iii., 31, 55, 

71, 80, 100, 106 
resignations, 111., 34, 37, 48, 55, 62, 

72, 103 
of Academy, decease of, v., 29, 

278-281 
election of, v., 9, 25, 80, 110, 137, 

169, 2138, 232, 277 
number of, v., 162 
honorary, supplement, x. 
corresponding supplement, x. 
resident supplement, x. 

Membership lists, viii., 209-230 
Memorial Notices, v., 17, 29, 278- 

281 
Memorial of Mr. B. B. Chamberlain, 

vili., 46-47 
of Prof. G. H. Cook, ix., 75 
Dr. John I. Northrop, xi., 9 

Memoirs and Annals, xv., 133 

380 

Memoirs of Columbian Chemical So- 
ciety, xi., 57 

Meneghini, Guiseppe, death of viii., 
4 

Menganthis trachysperma, ix., 12 
Menodora hetherophylla, vii., 11 
Mentzelia levicaulis, vili., 79 
Mercury, native, viii., 22 

ores, ix., 149 
(planet), v., 248 

Merismopedia rosea, xiv., 94 
Merulius lachrymans, y., 110, 111 
Mertensia paniculata, viii., 78 
Mesabi Iron Range of Minnesota, 

xiv., 47 
Mesohippus, vii., 158, 190 
Mesoplacentatia, xili., 175, 254 
Mesozoic coal-plants from China, ii., 

151 
Metallic tin, crystals of, xi., 96 
Metals, use by Indians, vi., 60-65 
Metallurgic astronomy, ii., 53-54 
Metamorphic rocks in Colorado, v., 

125-129 
rocks of Staten Island, vi., 12-16 

Metamorphism, xiv., 203 
Metastelma Carbigerwm, vii., 11 
Meters, electric, x., 118 
Meteoric iron, v., 74 

aboriginal use, v., 227 
from Augusta County, Va., v., 224 

Meteoric iron, ix., 97 
analysis of, ix., 195, 197, 198 
analysis of mass, ix., 202 
analysis of nickel iron, ix., 202 
analysis of siliceous part, ix., 202 
Bridgewater, N. C., ix., 194 
Butte, Montana, ix., 205 
Colfax Ne iGy ix, 197 
diagrams, ix., 195, 196 
Ferguson, N. C., ix., 198 
Pulaski Co., Va., ix., 205 
Summit, Ala., ix., 196 
Winnebago, Iowa, ix.. 201 
stone, Kansas, xv., 185 

Meteorite, from Cabin Creek, vi., 
141-146, 166 

Catorze, Mex., vi., 76 
Germany, Vi., 35 
Kentucky, vi.,71-76 
Mazapil, Mex., vi., 71, 92, 144, 

146 
Powder Mill Creek, vi., 161, 162 
Tennessee, vi., 160, 161 
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Toluca, Mex., vi., 70 
from Kansas, xii., 96 
of Alfianello, ii., 117 
containing Olivine, iv., 5 
from New Mexico, iv., 77 
from Laurens Co., N. C., iv., 80 
from Catorce, Mex., v., 227 
from Cohahuila, v., 231 
from Texas, v., 231 
in southwest Pennsylvania, v., 14 

Meteorites, decomposition of, v., 231; 
vi., 143-146, 160-162 

from Kiowa Co., Kan., ix., 138, 
186 

from Texas, vili., 186 
from Tennessee, viii., 187 
fusion-structures in, i., 153-155 
stone, vi., 71 

Meteorological Notes in Curacoa, iv., 
47 

Meteors, iv., 256-257 
Method, Kjeldahl, x., 24 

von Asboth, x., 25 
of defining standard colors, xiii., 

170 
Methods of analysis, ii., 26-35 

of animal locomotion, i., 164, 167 
of animal self-defence, iii., 53-55 
of deducing motions of fifty-six 
stars, etc., xiv., 68 
of research in bacteriology, ix., 139 

Methylene, v., 196 
Metric system, introduction and 

adoption of by Government and 
the country, xv., 124 

Mexican amber, viii., 158, 162 
aragonite, viil., 44 
tin ore, vill., 150 
idols, ix., 97 
natives, v., 130 

Mexico, minerals, ili., 38, 63 
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Nocturna, xiv.,; 56 
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dimorphous foliage, iii., 46 
Spherostilbite, iii., 18 
Sphingina, iv., 59 
Spiders of Colorado (by title), xiv., 

100 
Spinel, iii., 21 

from Ceylon, v., 225 
Spiraxis, ii., 154 

major, D. Sp., lli., 33 
Randatli, n. sp., ili., 34 

Spireza cespitosa, viii., 81 
discolor, vili., 80 
millefolia, viii., 80 

Spirifer avenosus, iv., 30 
arrectus, iv., 30 
macropleurus, iv., 30 

Spirifera macropleura, xiii., 125 
Spirophyton, iii., 33 
Spirulea rotula, ti., 12 
Spitzbergen, climate of, iii., 85-87 
Spodumene, i., 2, 102; il., 25; viii., 

161 
from Maine, vi., 40 
from N. C., vil., 2, 3 

Spokane mine, x., 63 
Spongida of Protolenus Fauna, xiv., 

2 
Sporadinus ricordi, x., 52 
Sporobolus, vili., 79 
Spots on the sun, v., 239-242 
Springs, hot, at Pagosa, Col., i., 7 

soda, near Fort Worth, Texas, i., 
15 

salt, in Texas, i., 16 
warm, x., 64 

Spy, human remains at, viii., 132- 
135 

Squid, i., 175 
St. Acheul, palzeolithic arrow heads, 

ili., 81, (82 
Staffa, caves of, ii., 3-6, 37 
Stalactites, ii., 39, 40 

in Mammoth Cave., i., 60 
Stalactitic aragonite, viii., 45 

melanterite, vili., 22 
Standards of time, i., 88 
Standard time, v., 236 

time, progress of, xi., 45 
sizes for drawers and trays, Xxiii., 

140; xiv., 65, 66, 67 
Standing Committees, x., 103 
Staphylinide, viii., 117; ix., 162 
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Starch, estimation by Von Asboth’s 
method, x., 24 

Star, garnets, v., 225, 226 
magnitudes, x., 117 
places, calculation of, x., 86 
plates, Rutherfurd, x., 102 
photographs, i., 146 

Starr, Prof. M. Allen, elected resi- 
dent member, xiv., 65 

Stars, v., 257-260 
about Beta Cygni, measures of, 

xi., 120 
catalogues of, v., 257, 258 
double, v., 260 
parallax of, v., 259, 260 
photographs of, v., 258 
photometry of, v., 258, 259 
‘spectra of, v., 259 
variable, v., 259 
mean declination of 56, observed 

for variation of latitude at Naples 
and New York, xiv., 87 

State forests of Germany, viii., 32 
Staten Island, N. Y., v., 228-230; 

Vie, 80; O0 
asbestos, v., 229 
azoic rock, v., 228 
Cretaceous plants, v., 28, 29 
minerals, lii., 49, 50; v., 228-230 
serpentine, v., 228 
steatite, v., 228 
buildings of, ii., 67-71 
earved head found in, iii., 81 
leaf-bearing sanastones, ili., 30, 31 
geology of, i., 56-58; vi., 12-18; 

vili., 177-181 
Natural Science Association, i., 67 
Cretaceous on, viii., 31, 177-180 
limonites of, viii., 180, 181 
Quaternary of, viii., 180, 181 
glacial and preglacial drift, iv., 26 
stone adze from, vill., 17 

Staurolite, viii., 3, 49 
Stauroneis, xii., 220; xiii., 161 
Steam, behavior in steam engine 

cylinder, i., 111-114 
pipes, heating surface, i., 67—70 
engines, absolute limit to econom- 

ical expansion in, ii., 1 
engine, development of, v., 137- 

143 
Newcomen’s, v., 137, 138 
Savery’s, v., 137 
Watts, v., 138 



308 

Steamboat, first, on Lake Superior, 
iii., 13 

Steatite, viii., 49, 50 
Staten Island, v., 228 

Stegosaurus, iii., 53 
Steinmetz, Charles Proteus, elected 

resident member, Xi., 25 
Stenogyra octonoides, ii., 152 
Stephanomeria Wrightii, Vili, ae OM, 
Stethacanthus Altonensis, ix., 133 
Stellar photometry, x., 17 
Stengel, Prof. Frederick, death of, 

vili., 152 
Stentor, "phenomenon in life-history 

of, xiv., 49 
Stereoscope, i., 9, 15, 118-120 

Brewster’s theory of, i., 9 
Helmholtz’s views on, i., 13, 14 
Notes, i., 114-118 

Sterility of ants and neuters, ili., 103 
Stetson, Francis Lynde, elected resi- 

dent member, xiv., 220 
St. Eustatius, W. I., i 
Stilbite, ii., 89; viii., 

143 
Stillingia angustifolia, ix., 185> 

dentata, vii., 14 
Torreyana, vii., 14 

Stipa pinnata var. Neo-Mexicana, viii., 
80 

17, 50, 57; ix., 

setigera, vii., 14; ix., 182 
‘St. John’s’? formation, vi., 113 
St. John, N. B., intrusive rocks near, 

xiii., 185 
St. Lawrence, Devonian fossil fishes 

from, li., 1 
Stoddard, Francis H., elected resi- 

dent member, xv., 147 
Stokes, James, elected resident mem- 

ber, xv., 147 
Stone adze on Staten Island, vili., 175 

age, x., 109 
age tools, x., 110 
durability of, vili., 175 
implements from Waynesville, N. 

Ci ABS 
perforated, from Europe, i., 49 
implements at Trenton, iji., 1, 7- 

12 
pavements, viii., 42, 43 
tools, manufacture of, x., 110 

Stoneham, Me., minerals from, ii., 
25 

herderite, iii., 37 

INDEX. 

minerals, viil., 12 
bertrandite, vili., 12 
beryl, viii., 12, 13, 153, 161 
damourite, viii., 12 
herderite, viii., 12 
phenacite, viii:, 13 ¥ 
topaz, vili., 13 

Storm areas, ix., 209 
Strata map, eeological, 

130 
Strategic features of the Gulf of 

Mexico, ix., 71 
Stratford, Prof. Wm., elected resi- 

dent member, xiy., 68 
Stratigraphical relations of Brown’s 

Park beds, Utah, xv., 252 
Stratiotes aloides, iii., 399 
Street seenes in Cairo, xi., 73 
Striae, ees on Shawangunk 

range, lil., 27, 28 
Stromboli, viii., 82 
Strombus gigas, viii., 162 
Strophia, ii., 152, 153 

Milleri, hiss, 1S 
wea, ii., 152, 153 

Str ophodonta, Beckii, iy., 30 
hemispherica, i., 57 

Strophomena, vii, 2 
radiata, Xiii., 125 
rhomboidalis, 1., 57 3 iv., 30 

Study of folk-lore, ix., 134 
Sturgeon hatching in the Delaware, 

xili., 69 
Stylocola, ix., 34 
Stylonurus excelsior, Pe 8 
Stylosanthes hee. v O17 
Suberites compacta, v 420 
Subfaunas of band B of St. 

group, xiv., 105 
Submarine tunnel between England 

and France, 155-158 
Subscribers to the building fund, x., 

(supplement ) 
Subsidence and elevation, i., 22, 24 

26, 28, 29, 66, 100 
evidences of, x., 18 

Subterranean scenery, ii., 36 
Sub-surface waters, vi., 77, 91 

chemistry of, vi., 90 
Succession of animal life, iii., 20 

of forest growths, iii., 56 
Succinea gyrata, li., 151, 152 
Sucrose, dextrose ‘and ley ulose, Xi., 

126 

viii., 129, 

John 
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Sugar beet cultivation, iii., 5, 6 
Cane crop, soil exhaustion by, iii., 

15, 16 
from sorghum, iii., 5, 6 

Sugar, maple, sap-sand, i., 167 
Suggestions as to the determination 

of the relative mass of the two 
components of the double star 
Eta Cassiopeiz from Ruther- 

35 
method to be pursued and formule 

to be used, xv., 35 
Sium cicutefolium, iii., 42 
Sullivan County, N. Y., moraine de- 

posits, lii., 25, 26 
Sulphides of silver, etc., v., 128 
Sulphohalite, viii., 8, 9, 22 
Sulphur, v., 195 

dioxide of, v., 185 
springs in the desert of Sinai, ix., 

121 
deposits in Utah and Nevada, i., 

168-175 
Sulphuretted hydrogen, v., 187 
Sulphuric acid, v., 186, 187, 192 
Summer experiences of Prof. Mayer, 

> fara 
Summit meteorite, cuts of, ix., 196 

meteorite, analysis of, ix., 197 
Sun, v., 238-247 

and meteorology, v., 239 
atmosphere of, v., 240 
corona of, v., 245-247 
chromosphere, v., 245 
distance of, v., 238, 239 
eclipse of, v., 245, 246 
heat of, v., 240, 241 
parallax of, v., 238, 239 
prominences of, v., 244, 245 
spectra of, v., 242-244 
surface of, v., 239-242 

Sunapee Saibling, xii., 139 
Sun-photographs, i., 145 
Sun-spots, ii., 35 ; 239-242 

spectra of, v., 242 
penumbras of, xiv., 77 
pictures of, xiv., 78 

Sun, total eclipse of, ix., 5, 47, 52 
Surface deposits, x., 8 

of fossil resins, viii., 157, 158 
of sun, v., 239-242 

Surgery, use of trance in, ii., 66 
Surivella, xiii., 101 

furd photographic measures, i., 

Survey at Lake Meeris, iii., 78, 79 
Geodetics, United States, iv., 1 
of United States, Trigonometric 

and Topographic, iv., 58 
Survey, Van Renssaeler canal, xi., 45 
Sussex County, N. J., ores and min- 

erals, ii., 25 
Swash, x., 6 
Sweet Grass Hills, x., 57 
Syenite, elaeolite, xi., 60 
Sylviide, vi., 139 
Symbols, alchemical, ii., 102-104 

chemical notation, ii., 53-59 
Synclinal fold in Page Valley, v., 

216 : 
Synthesis, chemical, v., 197 
Synthyris Plantaginea, viii., 80 
Systems of mechanical units, xv., 34 

Introduction by Fourier, xv., 34 
System of recording field notes, xv., 

191 

Tabasheer, viii., 158, 159 
Table of chemical characters, ii., 56 
Table-land of New Mexico, viii., 77 
Tachypetes aquila, vii., 83 
‘* Taconic system,’’ vi., 138 
Tadpoles, cloacal aperature of, xii., 

242 
Tails of comets, v., 251-255 
Talesven ooo Ville a oo 

deposits near Gouverneur, N. Y. 
(origin of), xv., 154 

schist, i., 56-58 
serpentine and tremolitic min- 

erals, association of, iv., 77 
white, from Gouverneur, N. Y., 

TN for TA 
Talinum aurantiacum, vii., 8 

lineare, vii., 8 
patens, ix., 181. 

Tamborrel, J. de M., elected corre- 
sponding member, xii., 25 

Tamarisk, vii., 170 
Taraxacum, viil., 79 
Tasmania, tin of, viii., 148 
Tatlock, John, Jr., elected Curator, 

Xai, WAS) 
Tattooing among Indians, viii., 115, 

116 
Taxodium, iii., 85 

distichum, ix., 31 
Tehuantepec ship-railway, viii., 164— 

174 
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Telescopes of the world, vi., 93-107 
construction of, vi., 95-105 
lenses of, vi., 96-103, 107 
Lick, vi., 100, 105, 107 
origin of, vi., 93-95 
reflectors of, vi., 103-105 
size of, vi., 105-107 

Teleosts of the Cretaceous period, 1ii., 
54 

Tellurium in copper products from 
Col., i., 4 

Temperature, annual, ix., 206 
annual, in Egypt, ix., 111 
daily in Egypt, ix., 111 

’ effect on chemical changes, v., 186, 
187 

lowest measured, v., 191 
Mammoth Cave, i1., 59 
of the Earth’s crust, xii., 186 
of incandescence, iv., 43 

Temples and palaces of Yucatan, v., 
169-178 

Tendencies of recent electrical re- 
search, xiv., 153 

Tendon, capsular-intermediate, xiv., 
250 

capsular-pectoral, xiv., 241 
gleno-epitrochlear, xiv., 247 

Tenerium laciniatum, ix., 185 
Tennessee meteorite, vi., 160; viii., 

187 
Tenorite, viii., 45 
Ten years progress inastronomy, v., 

234 
Tephroite, 11., 34 
Terebratula plicata, ii., 10 

Harlani, ii., 85 
fragilis, 1i., 11 

Teredo navalis, vili., 169, 170 
Termes, viii., 87 

testaceus, viii., 86, 97-99, 108; ix., 
159 

albidus, ix., 161 
bellicosus, ix., 177 
columnaris, 1x., 158 
lucifugus, 1X., 158 
minimus, 1x., 158 
prelongus, ix.,160 
saltans, ix., 172 

Termitogaster insolens, viii., 117; ix., 
163 

Termitariums, vii., 100-113 
Termites, viii., 85-114 

of the Isthmus of Panama, ix., 157 

INDEX. 

Termitophilous beetle, vili., 117 
Terraces on Shawangunk Mountain, 

lii., 27 
Terrestrial molluscs, ii., 150-154 

in the West Indies, i., 181 
Tertiary age., v., 133 

climate in Arctic regions, lii., 94 
plants, found in Colorado, iii., 13, 

77 
present range of, iii., 96 

strata,-i., 21, 22 
fossil plants, xi., 123 

Testing iron and steel, commission 
for, i., 49 

safety of kerosene oil, i., 138-143 
Texan botany, contributions to, ix., 

181 
Texas, botany and geology, ii., 66, 

90-95 
coal, i., 15, 16 
copper region, i., 15-20 
gypsum, i., 17 
pumice tuff, i., 52 
meteorite from, viii., 186 
yttrium, minerals in, viii., 159, 185 

Thalamorphora, ix., 33 
Thalassema, history of the Achro- 

matic structures, xv., 163 
the egg centrosome, xv., 164 
the sperm centrosome, xv., 168 
the cleavage-figure, xv., 170 
effect of fixing agents, xv., 172 
literature referred to, xv., 175 
description of plates, xv., 175 

Thalictrum Wrightii, viii., 78 
Thames River, England, water of, 

lii., 42 
Thamnosma 

182, 183 
Thecocilio flagellata, ix., 33 
Theco flagellata, ix., 33 
The determination of division errors 

in straight scales, xv., 63 
Etymology of Italian andare and 

related words, xv., 271 
Thelephora domestica, v,, 110 
Thelysperma filifolium, ix., 182 

longipes, ix., 184 
trifida (new), ix., 182 

‘““The Tradition of the Case-Forms 
in Chaucer’s Noun,’’ xv., 271 

Thermo-cheniistry, v., 189 
Thermodynamical phenomena, ix., 

8 

Texanum, vii., 8; 1x., 
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Theories concerning Great Pyramid, 
li., 114-116 

etc., of virus, v., 204-213 
of musical sand, x., 33 

Theory of the origin of leaf forms, 
iii., 38-44 

Thetis’ hairstone, vili., 161 
Thinnfeldia, xii., 33 
Thin sections of rocks, i., 49-53, 154 
Thiophene, v., 195 
Thompson, Prof. W. Gilman, elected 

resident member, xiv., 93 
J. P., elected corresponding mem- 

ber, xiil., 23 
Thorium phosphate, viii., 8 
Thousand Islands, diabase dikes of, 

xili., 213 
Thread-fins, ix., 15 
Thrush, new species, vi., 111 
Thuja, v. 136; vi., 126 

occidentalis, v., 218 
Thulium, y., 181-200 
Thurberia Arkansana, vii., 14 
Thymolesulpho acid, i., 3 
Tides, cause of, viii., 187 

high, erosion by, i., 80-85 
‘“ Tide-water ’’ gneiss, v., 19, 20. 222 
Tideways of Puget Sound, origin of, 

iii., 104 
Ties, iron, railway, v., 152 
Timber, decay in, v., 110-120 
Time, standard of, v., 236 

signals, v., 158 
system for observatories, v., 158- 

162 
international, i., 86-95 
rate in chemical] affinity, v., 188, 

189 
Timmins, Mr. Samuel, viii., 23 
Tin deposits of Black Hills, Dakota, 

iv,, 44 
indications of, ii., 100 
in San Juan Mts., v., 128 
mining in Cornwall, viii., 149 
of Australia, vili., 147 
of California, viil., 150 : 
of Dakota, vili., 146, 148, 150 
of East Indies, viii., 149 
of Mexico, viii., 150 
of North Carolina, viii., 136-151 

Titanichthys, v., 27 
Agassizti, v., 27 ; vi., 164, 165 
Clarkii, vi., 164, 165 

Titanium in iron-ores, ii., 7, 14, 17 
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Titanotheresin Am. Museum, xv., 66 
skull structure, xiv., 62 

Titanotherium and Metamyodon 
skeletons in Am. Mus., xv., 40 

Titanite, i1., 24 
yellow (gem), vili., 21 

Toltec images, ix., 97 
Toluca, meteorite, vi., 70 
Tombstones, durability of, ii., 75 
Tonquieria splendens, ii., 92 
Top, autograph of, vi., 135 
Topaz, ii., 25, 42, 100; iii., 2, 13, 

37; ix., 149 
from Colorado, v., 213 
from Texas, xii., 96 ; xiv., 144 
North American, vili., 160 

Topographical map of State, prepa- 
ration of, xiv., 91 

Topography of Egypt, iii., 78, 79 
of North America, ili., 51-52 

Tornadoes, iii., 3-5 
Torpedoes, xii., 151 
Torrey Botanical Club, Field Day, 

iv., 5 
Tourmaline, i., 2, 101; ii., 25; iii1., 

34, 49 ; v., 74, 80, 121, 222, 264, 
266)5) Vity) (des ey-t nO 

black, from St. Lawrence Co., N. 
Ye, ivan! 

crystals from Rudeville, 
xili., 185 

Toxopneuestes, xiv., 185 
fertilization, phenomena of, xiv..99 

Trachelomonas, 1x., 33 
Trachosteus, xii., 70 
Trachyte, i., 19,.23, 169; 1i-, 94 

in San Juan Mts., v., 122-130 
Track inspection car, iv., 5 
Tracks, in Triassic, vi., 125 
Tradescantia Virginica, ix., 182 
Tragia ramosa, vii., 14 

stylaris, vii., 14 
Trogophleus, vili., 41 
Trance, treatment of sea sickness, 

li., 64-66 
state, artistic uses of, iii., 107 

Transactions, vi., 66 
price of, x., 1 

Transformation of peat, i., 71-76 
of skin, vi., 113 

Transit factors for Observatory of 
Columbia College, xi., 41 

observations by least squares, re- 
duction of, x1., 25 

NES 
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Transit of Venus, ii., 51-52;v., 238 
Transmutation of metals, ix., 72 
Trapa micropnylla, ix., 30 
Tey is Ale 724 

Columnar, Orange, N. J., iv., 4 
dikes in the Adirondacks, xv., 248 
in the Lake Champlain valley, xi., 

13 
of Champlain, xv., 20 
in East Tennessee, v., 220—222 
in Staten Island, v., 230 
of Palisades, 1i., 117-120 
pavements, Vili., 42 

Trays for cabinets, moulded, xiii., 
140 

Treasurer, report of, iii., 69; viii., 
125, 126; ix., 106, 107; xiv., 88; 
xv., 130 

receipts, xv., 130 
disbursements, xv., 131 

Tree culture, viii., 36, 37, 40 
Trees in cities, v., 264 

planting and destruction of, iii. 
35-37 

Trematobolus insignis, Xiv., 122 
Tremolite, ii., 149; iii., 49 
Tremolite, i., 58 
Trenton limestones in Champlain 

valley, xili., 115, 225 
Trenton, N. J., stone implements at, 

iii., 1, 7-12 
rocks, vili., 48 

Trial of building-stone, methods, ii., 
75, 76 

Triarthrus Beckii, antennz of, xii., 
237 

with appendages, vili., 109 
Trias of America, v., 17, 18, 19 

of South Africa, v., 20 
reptilian foot-prints in, v., 72 

Triassic coals, metamorphism by dia- 
base dikes at Egypt, N. C., xv., 
105 

copper ores, ili., 18, 19 
fossilsat Weehawken, N. J., v., 17 
four-toed tracks, xii., 188 
of New Jersey and Connecticut, 

vi., 124-128 
of Staten Island, vi., 16 
of Penn., viii., 47, 56 
sandstone, ii., 117-120 
strata, i., 20 

Tribally organized societies, 
study of, F. H, Giddings, xv., 155 

INDEX. 

Tribes of British Columbia, viii., 3, 

Tribolos, iv., 40 
Tribulus maximus, 1x., 181, 183 
Triceratops, ix., 31 
Trichloris pluriflora, vii., 14; ix., 182 
Trifolium, iii., 39; viii., 79 
Trilobita of Protolenus Fauna, xiv., 

138 
Trilobite, i., 7; 1i:, 38, LO7- mya lle: 

Trilobitic fauna of Cumberland head, 
Xv., 21 

Trinucleus concentricus, vii., 4 
Trinidad, pitch lake of, viii., 26 
Trinomalism, x., 81 
Triodia acuminata, iv., 182 

albescens, iv., 182 
eragostoides, iv., 182 

Toiphylite, ii., 25, 42 
Triplite, ii., 25 
Tripoli interstratified with volcanic 

ashes, i., 55 
Trips through marble quarries of 

western, northeastern and east- 
ern New York, xy., 188 

Trochilia, ix., 34 
Trochosmilia conoides, i1., 12 
Troglodytidx, vi., 139 
Troilite in meteorite, vi., 76, 92, 144, 

145 
Tropical calms, viii., 168, 169 
Tropical birds, habits of, xiv., 66 
Trowbridge, Wm. P., death of, xii., 2 
Troximon glaucum, viii., 80 
Tubes of earth by cicada, v., 121 
Tubercular disease, prevention of, i., 

181 
Tuckerman, Alfred J., elected resi- 

dent member, xii., 25 
Tudora, ii., 151-153 

megacheila, 151 
versicolor, 152 

Tuning Forks, method of comparing 
pitch of, xiv., 76 

Tunnel between England and France, 
i., 155-158 

Turba of Brazil, i., 76 
Turquoise, ix., 148; viii., 3, 7, 162 

Indian ornaments of, 162 
Tuscarora Indians, ii., 58-60 
Tyrannidx, vi., 139; ix., 34 
Tyringham, Mass., spherostilbite 

and chabazite, ili., 18 
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Tyrosin, v., 197 
Twins and multiple embryos of Aim- 

phioxus, xii,, 17 

Ulmus, iv., 31 
Ulster Co., notes on geology of, xiii, 

165 
Umbellifere, ii., 47; vii., 10 
Umbelliferone, v., 197 
Ungnadia speciosa, ii., 92 
Uniformity of geological climate, iii., 

84-97 
Unio, ii., 142; v., 17; viii., 163 
United States, geodetic survey, iv., 1 
Phalangidae of, xi., 125 
Unrecognized families of larvee, xiy., 

61 
Ural Mountains, minerals, gem sand 

ethnology of, xi., 119 
Uralium, v., 200 
Uraninite, viiil., 185 
Uranium glass, experiments upon, 

xiv., 169 
Uric acid, v., 197 
Urodela, vii., 256 
Uronychia, ix., 34 
Urticacez, vii., 14 
Urtica chamedryoides, vii., 14 
Urticariz, v., 37 
U. S. eclipses, expedition to South 

Africa, x., 2 
Use of trance in surgery, ii., 66 

proposed for alchemical symbols, 
li., 54-56 

Utah, iron ores, ii., 15 
ozokerite, ii., 46 
luminous limestone, iii., 100 
sulphur-deposits, 1., 168-172 

Utica shales in Essex Co., N. Y., 
Xiil., 226 

Utricularia cleistogama (new), IDG Je 
subulata cleistogama, ix., 12 

Vaccinium Canadense, ix., 11 
corymbosum atrococcum, ix., 11 

disocarpum, ix., 11 
disomorphum (new), Exe lel! 
fuscatum, ix., 11 
Pennsylvanicum, ibe UL 

Vacuum discharges, xi., 72, 124 
pump, automatic mercury, xiv., 78 

Vaginicole, ix., 34 
Vanadinite, iii., 100 
Vanadium, v., 192 

Vancouver’s Island, v., 133 ; ix., 2 
Vanilline, v., 197; 
Van Ingen, Gilbert, elected resident 

member, xv., 124 
Van Nardroff, E. R., elected resident 

member, xv., 63 
Van Rensselaer canal survey, xi., 45 
Variable stars, v., 258 
Variation of decomposition in pyrites 

V., 201 
Varieties of new red sandstone, v., 12 
Vaseline, v., 194, 
Vaughan, Miss Virginia, elected resi- * 

dent member, xi., 25 
Vegetable cells on obelisk, v., 63, 68 

remedies of Indians, v., 202-203 
Vegetation, effects of, on the surface, 

x., 14 
in cities, ete., v., 264 

Veins in N. Y., gneiss, viil., 54 
metal bearing, in Colorado, v., 

122-130 
Velocity of light, v., 239 
Velutinas, v., 53 
Venation of leaf, relation to margi- 

nal forms, iii., 41 
Venericardia perantiqua, ii., 12. 
Ventilating chimneys, i., 67-70 
Ventro-appendicular muscular sheet, 

intermediate layer, xiv., 233 
deep layer of, xiv., 233 
superficial layer of, xiv., 233 

Venus alveata, ix., 88 
mercenaria, ii1., 141 

Venus, v., 248 
transit of, ii., 51, 52; v., 238 
satellite of, v., 249 

Verbena bipinnatifida, ix., 181 
canescens, Vii., 13 ; ix., 185 
ligustrina, ix., 181 
ciliata, vii., 13 
officinalis, vii., 13 
polystachya, vili., 80 

Verbenacex, vii., 13 
Verbesina, viii., 77 

encelioides, vil., 11 
Virginica, vii., 11 

Vermes, v., 32-55 
Vermont marbles, iii., 
Vertebrata, v., 32 

evolution of, ii., 64 
Vesbium, v., 200 
Vescaria Fendleri, vii., 7 

lasiocarpa, vil., 7 

;ix., 184 

100, 101 
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Vibration of a chord, xv., 135 
Viburnum, ix., 31 

Bridgetonense, iv., 31 
Vicia exigua, vil., 97 
Vigniera, viii., 77 
Vinegar plant, vi., 60-70 
Violacez, vii., 7 
Violane, ix., 145 
Virginia, geology of S. W. (title), 

vi., 113 
minerals from, iil., 77, 100 
southwest, mineral resources of, i., 

* | 159-163 
Virgin Is.,W. I., breccia, i., 21 
Virus, mitigated, v., 204-213 
‘¢ Visible Wind,’’ viii., 154 
Visceral Anatomy, xv., 98 

Myrmecaphaga jubata, xv., 98 
Tamandua bivittata, xv., 98 
Arctopithecus didactylus, xv., 98 
Dadypus seacinctus, xv., 98 
Tatusia novemeincta, xv. 98 
Manis longicaudata, xv., 98 

Vitis ineisa, vii., 9 
heptaphylla (new), ix., 10, 183 
rupestris, ix., 183 
quinquefolia, ix., 10 

Vivianite from New Jersey, ii., 13 
Vivier, Ernest du, elected resident 

member, Xi., 25 
Vivisection in the District of Colum- 

bia, resolutions on, xv., 272 
Vocal chords in voice production, 

action of, xv., 2 
photographs of, in action, xv., 2 

Volborthella tenuis, xiv., 132 
Voleanic action, vi., 28, 29 

air wave, vili., 83 
ash, i., 23, 49-56, 169, 171, 172 
ashes in Yellowstone Park, ili., 6 
ashes, microscopic examination of, 

iii., 14, 63-64 
dust of Krakatoa, diffusion of, iii., 

60-61, 54-65 
comparisons, xiv., 209 
phenomena, iv., 54 

Volcano on moon, y., 237 
Volcanoes, vi., 28, 29, 37 

origin and distribution, viii., 82 
Volts and ampéres, and what they 

mean, ix., 137 
Von Asboth’s method for estimating 

starch, x., 24 
Vorticellidx, ix., 34 

INDEX. 

Votes of thanks, xv., 133 
Votive adze, vi., 139 
‘*Vulcan’’ (planet), v., 247, 248 
Vulté H. T., elected Curator, xii., 

128 
Librarian, xi., 25 

Wad, ii., 18 
Wade, Herbert T., elected resident 

member, xiy., 220 
Wadi Werdén, ix., 23 
Wadis, ix., 120 
Wagon Wheel Gap., Col., i., 7 
Walcott, C. D., on Cambrian, Viii., 

176 
Wall at Chatata, Tenn., ancient in- 

scription on, xi., 26 
Ward, Delancey W., elected resident 

member, xii., 99 
Warm Arctic climate, ancient, iii., 

84-86 
springs, x., 64 

Wasatch Mts., Utah, copper ores, 1i1., 
19 

Wasatch range, glaciation in, ii., 
155 

Water, analysis of, vi., 42, 49, 53 
analysis, condenser for, xii., 54 
bath of copper, xiv., 79 
carbonic acid in, iii., 42 
of River Thames, England, ili., 42 
(chemical), v., 196 
contamination of, vii., 117-125 
of the Nile, ix., 120 
of the desert, ix., 121 
organic matter in, ii., 111-114 
spouts in Caribbean Sea, iii., 3 
supply of N. Y.. vili., 117-125 
supply, purification of, vi., 42-58 
sub-surface, vi., 77-91 

Waves, destructive action of, ii., 4 
Wavellite, iii., 18 
Weehawken tunnel, minerals, i., 

129-131; ii, 88-90 
Weight of atoms, v., 182, 183 
Weir, Robert, elected resident mem- 

ber, xi., 123 
West Farms, rocking stone at, xi., 13 
West India Islands, distribution of 

terrestrial molluses, i., 181 
geology, i., 21-24 

Westchester Co., N. Y., rocks of, 
viii., 50, 51 

West End Nat. Hist. Assoe., viii., 46 
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Western minerals, notes on, v., 213, 
9 

_ Weston, Th., elected resident mem- 
ber, xv., 147 

‘“ Wet rot’’ in wood, v., 114 
Whale captured off Montauk, i., 147 
Wheels, paper railway, v., 152 
White ants, vill., 895-114 

River deposits, mammals from, 
xiil., 176 

White, T. G., elected resident mem- 
ber, xiii., 151 

White, Thaddeus R., elected resident 
member, xv. , 147 

Whitfield, R. P., ’ elected Councillor, 
Xe 128 

Whiton, Louis C., elected resident 
member, xv., 147 

Wichita Mountains, Texas, i., 
Whiddingtonitis Reichii, xii., 30 
Widmanstiattan figures, v., 224 
Wild plantain from Panama, vi., 

112 
Willemite, 1i., 26-30 ; viii., 162 
Willey, Arthur, elected resident 

member, xii., 25 
Williamsbridge, N. Y., pot holes, i., 

181-183 
Williamsite, vili., 162 
Williamsonia Riesii, xii. ", aie 
Will of Mme. Goguet, doe 
Willsboro’ township, Gigs of, 

xiii., 214 
Wilson, Edmund B., elected resi- 

dent member, xii., 25 
‘Winding apparatus, ete , v., 153-157 
Winds, v., 230 

in the desert, ix., 114 
Winnebago arts, x., 39 

meteorite, ix., 201 
meteorite, analysis of, ix., 202 

Witcheraft excitement, explanation 
of, 1., 150-153 

Withering, Dr. William, citation 
from, vili., 24, 25 

Wire, corrosion of, ili., 65, 66 
Wm. Maclure’s Geology, xi., 45 
WoOhler, Prof. F., memorial of, ii., 2 
Woman’s part in the earlier civiliza- 

tions, xi., 29 
Wood, decay of, viii., 85, 86, 89 

chemical composition of, v., 116 
decay of, v., 110-120 
preservation of, v., 118-120 

19-20 

opal, vili., 30 
phosphorescent, x., 37 
sections, photo-micrographs, 

107 
Wooden pavements, viil., 43 
Woods, silicified, vi., 165, 166 

silicified, in Colorado, WU Ie AS icy Ly 
77 

Woodward, R. S., elected resident 
member, Xili., 23 

Wollastonite, vili., 162; ix., 145 

iii,, 

from New York State, xiii., 146, 
207 

Wool, natural dyes as applied to, xi., 
157 

World’s Fair of 1892, ix., 4 
Wortman, J. L., elected resident 

member, xil., 25 
Wulfenite, vili., 177 
Wurtz, Prof. Henry, viii., 180, 181 
Wyoming, fossil fishes from, iii., 34, 

38 
minerals from, ili., 7, 19, 20, 104 

Xenacanthus, xii., 123 
Xenotime, vili., 159 
‘X’ (new element), v., 200 
X-rays experiments, by Prof. Pupin, 

xv., 136 

Ya (new element), v., 200 
Y/ (new element), v., 200 
Yellow Day (Sept. 6, 1881), i., 1 

atmospheric phenomena, i., 1 
drift, iv., 26 
sapphire, xi., 58 

Yellowstone Park, Wyo., geology, 
botany, ete., lii., 34 

geysers and rhyolite, roles of 
Yolk nucleus, PES on, SIVies 

229-230 
Ytterbium, v., 181, 200 
Yttrium minerals in Texas, 

159, 185 
Yucatan birds, v., 17, 55 

temples and palaces, v., 169, 178 
Yucca, iii., 39, 47 

angustifolia, Vi., 93; vili., 76 
baccata, li., 93; vill., 76 

viii., 

Za (new element), v., 200 
ZP (new element), v., 200 
Zamia, iii., 85 
Zamites Fenconis, vii., 115 
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Leggetti, vii., 114, 115 
occidentalis, viil., 114 
Rolkeri vii., 114 

Zaphrentis calceola, vii. 247 
prolifera, 1., 57 

Zempoaltepetl, voleano of, viii., 44 
Zeolites, ii., 154-155; iii., 1, 78 
Zephyranthes Andersonii, vii., 14 
Zero-meridian for standard time, i., 

93, 94 
Zeuglodon, xiii., 15 
Zexmenia hispida, ix., 181-184 
Zigadeneus elegans, viii., 78 
Zine, v., 123, 186 

and lead mines in southwestern 
Virginia, xv., 61 

oxide, artificial, xili., 208 
red oxide, ii., 26-35 

INDEX. 

Zines, new form for Bunsen batteries, 
x., 114 

Zincite, ii., 26-35; v., 128 
from Franklin Furnace, 

xiii., 184 
Zinnia pumila, ix., 184 
Zircon, ii., 325 ; iii., 17, 107 ; viii., 

8 

INET 

Ceylonese, penetrated by rutile, 
iv., 59 

Zizania, iv., 31 
Zizyphus obtusifolia, ix., 183 
Zonites, 1., 181 

new species of, i., 181 
petrophilus, n. sp., i1., 150 
Wheatleyi, n. sp., ii., 150 

Zoology, invertebrate, v., 29-55 
Zy (new element), v., 200 
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PLATE II. 

View of Sherman Fall, Kauya Hoora Gorge, Trenton Falls, N. Y. Photo- 

graphed by Theodore G. White, November, 1895. The lower of the two 

black seams shown in the fall is D 7, the upper is D 9; while the layer D 11, 

again shown in Plate IV, figure A, is seen just above the top of the main 

volume of the fall on the left hand side. The underlying layers are shown 

nearly down to D 1. 
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PLATE III. 

Fig. A. Undulations in layer (D 15) between lower and upper portion of the 

Great Fall, Kauya Hoora Gorge, Trenton Falls, N. Y. Undis- 

turbed horizontal layers are seen both above and beneath. Pho- 

tographed by Theodore G. White, November, 1895. 

Fig. B. Overlap structure of bedding of Trenton limestone, on east bank of 

West Canada Creek, in ‘‘ Rocky Heart,’’ Trenton Falls, N. Y. 

The lower portion in the view is covered by water. Photo- 

graphed by T. G. W., November, 1895. 



TRANS. N. Y. ACAD. Sct. WOE OV. PG. UT. 

Fie. B. 



Vere) a aneeenerict = i : 5 

‘Les 5 ~ 

, 

4 +. 

* 

= % * 

i 
{ $ . 

7 a 
\ 

j { , 

, 

. 

, 

Pee 
t’y ) 

‘ . 

4 

F 

" ‘ % ¢. 

is 

‘ es " 

ee ‘ 

wo > 
uw hal 

é 
pay ” 3 - 

7 . 





PLATE IV. 

Fig. A. Constant heavy blue black, layer (D 11) with adjacent thin layers, 

lying just above Sherman Fall, Kauya Hoora Gorge, Trenton 

Falls, N. Y. Photographed by Theodore G. White, November, 

1895. 

Fig. B. Example of channel filling, in D 22, north of railroad bridge, 

Kauya Hoora Gorge, Trenton Falls, N. Y., on west bank. Cor- 

responding example shown in the following plate. Photographed 

by T. G. W., November, 1895. 
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PLATE V. 

Fig. A. Upper end of Kauya Hoora Gorge, Trenton Falls, N. Y., embracing 

the upper third of the Trenton limestone, from D 18 to D 23. 

Exhibits black thin bedded limestones below, and above them 

the heavy gray crystalline capping. Photograped by Theodore 

G. White, November, 1895. 

Fig. B. Palaeospondylus gunni, Traquair < ;'5. From drawing with Abbé 

camera. BW, line indicating the marginal body wall. PO, 

postoccipital plates of Traquair. RS, radial-like supports (of 

paired fins). To illustrate paper by Bashford Dean, p. 101. 
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PLATE VI. 

Varietal Tree of a Philippine Pulmonate, Cochlostyla ovoidea. To illustrate 

paper by F. B. Sumner, p. 137. 
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PLATE VII. 

Dinichthys gouldi, Newberry ; < }. A specimen showing vertebral axis, 

ventral armoring and bases of dorsal and of ventral fin. From the collection 

of Dr. William Clark, Berea, Ohio. AV, Anterior ventral. C, Coprolite. 

DF, Basalia of dorsal fin. HA, Haemal arch. HS, Haemal spine. LP Y, 

Left posterior ventral. NA, Neural arch. NC, Notochord. RPV, Right 

posterior ventral. U, Plates of unknown position ( perhaps posterior laterals 

(Traquair) of Coccosteus). V F, Basalia of ventral fin(?). VG, Pelvic 

girdle. VM, Ventro-median. 

(The plates L P V, RPV, and portions of ©, U and V F were attached to 

the right half of the concretion. They are here shown as if attached to the 

opposite half of the concretion : they thus appear in their actual position, but 

in reversed aspects. ) 
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PATE Vali 

Restorations of ventral armoring of Coccosteids. 

Fic. 1. Coecosteus decipiens, Ag. After Traquair; > about 3. 

Fic. 2. Dinichthys gouldi, Newb. about %. 

Fic. 3 Dinichthys terrelli, Newb. After A. A. Wright; > about 75. 

AVM, Anterior ventro-median. IL, Inter-lateral (? clavicle). LAV, 

Lateral anterior ventral. IP V, Lateral posterior ventral. PVM, Posterior 

ventro-median. RAV, Right anterior ventral. RPV, Right posterior 

ventral. VM, (Posterior) ventro-median. 
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PLATE IX. 

ILLUSTRATING THE PAPER OF BRADNEY B. GRIFFIN, p. 163. 

Fic. 1. The egg ten minutes after fertilization, showing the minute asters 

and their focal centrosomes, also the large black nucleolus. 

Fic. 2. Somewhat later stage several tetrad groups have been already 

formed. F 

Fic. 3. The same stage, showing variation in relation of asters to nucleus. 

Fic. 4. Much later stage. The tetrad groups have now been established, 

leaving a mass of discarded chromatin. The sperm head is shown at . 

Fic. 5. First polar spindle during halving of tetrads. Sperm head at ¢. 

Fic. 6. First polar telophase. Sperm head and aster ( ¢ ). 
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PLATE 2X. 

ILLUSTRATING THE PAPER OF BRADNEY B. GRIFFIN, p. 163. 

Fic. 7. Second polar spindle, still tangential in position. Slightly later 

than Fig. 6. 

Fic. 8. Second polar spindle. Spermhead with amphiaster ( ¢ ). 

Fic. 9. Second polar telophase, showing centrosomes divided. Sperm- 

head and amphiaster ( ¢ ). 

Fic. 10. Shortly before copulation of pronuclei, showing male pronucleus 

( g) with powerful asters, and the female vesicles ( 2 ) devoid of asters. 

Fie. 11. Copulation of pronunclei. 

Fic. 12. Somewhat later stage, segmentation nucleus elongating. 
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PAPACY SXc0- 

ILLUSTRATING THE PAPER OF BRADNEY B. GRIFFIN, p. 163. 

Fic. 13. Fully formed first cleavage figure, showing centrosomes already 

divided and surrounded by the darker area, nearing the periphery of the 

centrosphere. 

Fic. 14. Commencement of anaphase. Centrosomes or periphery of cen- 

trosphere. 

Fie. 15. Stage just previous to mid anaphase, minute amphiaster forming 

about the centrosomes. 

Fic. 16. Mid anaphase, amphiaster elongated. 

Fic. 17. Vesicles previous to fusion. 

Fia@. 18. Vesicles fusing. 
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PLATE XII. 

ILLUSTRATING THE PAPER OF WARREN H. EVERETT, p. 176. 

Fic. 1. The membranous ear as seen from the outside at nearly right 

angles to the side of the head and a little above. It shows the shape and po- 

sition of the sacculus (s.), utriculus (u.}, lagena (1.) and their relation to 

each other: also the position of the ampullze with respect to the canals and 

the recessus utriculus (r. u.). d. ¢. p. represents the small connecting tube 

between the connecting tube of the posterior canal (p. ¢. t.) and the saccu- 

lus (s. ). 

Fia. 2. The membranous ear as seen from the inside at right angles to 

and on a level with the head. It shows the position of the ductus endolym- 

phaticus (d. end. ) and its relation to the sacculus (s.), utriculus (u.) and the 

recessus utriculus (r. u.). It also shows the position of the utriculus (u. ) 

with respect to the recessus utriculus (r. u.) and the ampulla of the anterior 

canal (a. a.). The two dotted lines that extend from the ramulus of the 

posterior ampulla to the ductus canalis posterioris (d. ¢. p.) show the course 

of the ramuli of the macula neglecta. (m. n.) marks the macula. 
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PLATE XIII. 

ILLUSTRATING THE PAPER OF WARREN H. EVERETT, p. 176. 

Fic. 3. The membranous ear as seen from in front. It shows the over- 

lapping of the connecting tube of the posterior canal (p. c. t.) over the sinus 

utriculus (sin. u.). It also shows the position of the nerve (n.) which sup- 

plies the recessus utriculus (r. u.) and the ampull of the horizontal and 

anterior canals (h. a.) (a. a. ). 

Fic. 4. The membranous ear as seen from behind. It shows the pos- 

terior canal (p.c¢.) and the tube (d. ¢. p.) that connects it with the sacculus 

(s.), lagena (1.) and sinus utriculus (sin. u.) as seen from a posterior direc- 

tion. It shows the angle of the horizontal canal (h. c.) with respect to the 

body of the ear. Also a general end view of the sacculus (s.). It also shows 

the ampullar tube (a. t.) of the horizontal canal (h. ¢. ). 

Fic. 5. The membranous ear as seen from above. It shows the large 

curve made by the horizontal canal (h. ¢. ) and the shape of the ampulla (h. a. ) 

of the horizontal canal (h. ¢.) together with the angle at which it enters the 

utriculus (u.) at the base of the anterior ampulla (a. a.). The darkened line 

from the horizontal and anterior ampullz represents the diagonal line of 

depression (**) which marks the separation of the utriculus (u.) and sac- 

culus (s.). This view also shows the angle between the posterior and an- 

terior canals (p. c¢.), (a. ¢.). 

Fic. 6. This is a drawing traced from a photograph of ear, eye and 

brain. It shows the angles made by the anterior and posterior canals with 

the axis of the head and with each other. Also the position of the ear as 

referred to the eye and brain. 
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PLATE XIYV., CIRRIPEDIA, ETC. 

Notation of the horizons, used below : 

Diy. 1e!. Horizon of Paradoxides lamellatus. 

Div. 1c?. Horizon of Paradoxides Eteminicus. 

Div. 1d'. Horison of Paradoxides Abenacus. 

Div. 1d?. Horizon of Paradoxides Davidis. 

Fic. 1. Stenotheca concentrica. Flattened and cracked along the back. 

Mag. 3. From Div. 1d', St. Martins, N. B. See p. 201. 

Fic. 2. S. concentrica var. radiata. Mag. 1°. From Div. 1e, St. John, N. 

B. See p. 202. 

Fic. 3. Stenotheca Hicksiana. Mag. +. From Diy. 1d', St. Martin’s, N. 

B. See p. 205. 

Fic. 4. Stenotheca triangularis. a, a cast of, showing the outline of the 

cone and the thickened apex. 6, a cast without the outline. Both 

mag. ¢. From Div. 1c’, St. John, N. B. See p. 203. 

Fic. 5. Strobilepis spinigera, J. M. Clarke. Terminal plate (and penulti- 

mate plate in outline). Figured for comparison from Dr. Clarke’s restora- 

tion. Mag. 3. The terminal plate is partly covered by the penultimate. 

Devonian species. See p. 203. 

Fic. 6. Stenotheca nasuta. a, small example, mag. $. 6, original type 

mag. ?. Both from Div. 1c, St. John, N. B. Seep. 204. 

Fic. 7. Plumulites Manuelensis, n. sp, mag. +. From Diy. 1d?, Manuel 

Brook, Newfoundland. See p. 200. (Misprinted Plate XY. on p. 200. ) 

Fia, 8. Cirripedian and other plates. Type A, a and b, two forms of oval 

plates. Type B, a, ribbed plate ; 6, smooth plate. Type C, a, plate with deep 

furrow ; b, plate with high umbo; c¢, plate with eared flange ; d, plate simi- 

larly flanged but more regular ; these are perhaps Cystidian. Type D, sym- 

metrical plate, perhaps one of the axial row of plates. Type E, triangular 

plate with radiating ridges (possibly cystidian). Type F, triangular plate 

with arched keel ( Cirropodites Cambrensis). Type G, triangular plate with 

facetted edges. All the figures except 8 G, a, mag. 7 8 G, a, is mag. $#. The 

narrow figures beside the larger ones are sections. See p. 206. 
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PLATE XV., OSTRACODA AND AGNOSTUS (part). 

Fie. 1. Lepiditta alata. a, outer surface of left valve. 0, cast of interior 

of right valve. Mag. #°. From Div. 1 c?, St. John, N. B. See p. 194. 

Fia. 2. Lepiditta curta. Interior of left valve. Mag. 12. From Div. 1 d'. 

St. Martin’s, N. B. See p. 195. 

Fic. 3. Lepiditta auriculata. a, left valve showing faint concentric lines 

and the ligamental (?) groove at the hinge. 6, same, hinge line in profile. 

Mag. ¢. From shales of Div. 1 ¢, St. Martin’s. See p. 196. 

Fie. 4. Aluta flexilis n. g. et sp. left valve (with lower margin restored ) 

showing ocular (?) tubercle, Mag. ¢. From conglomerate limestone band 

in Div. 1 c!, St. Martin’s, N. B. See p. 198. ; 

Fic. 5. Primitia Acadica. a, left valve. 6, longitudinal section. ¢, trans- 

verse section. Mag. $¢. From Div. 1 c!, St. Martin’s,"N. B. See p. 196. 

Fic. 6. Agnostus fallax var. vir. Complete, somewhat flattened. Mag. ?. 

From Div. 1 c?, St. John, N. B. See p. 215. 

Fic. 7. A. fallax var. concinnus. a, head shield. 6, a joint of the thorax. 

c, Pygidium. Mag. ?. From Div. 1 d!, St. Martin’s, N. B. Seep. 216. 

Fia. 8. Same variety. «a, head shield of young larva retaining embyonic 

(Protaspis-like) features. Mag. 4°. 6, young pygidium showing somites 

and posterior tubercle on rachis, effaced in later stages. Mag. 4°. Both 

from Div. 1d', St. Martin’s, N. B. See p. 216. 

Fig. 9. A. fallax var. trilobatus, n. var. Pygidium. Mag. #. From 

Div. 1 c!, St. John, N. B. Seep. 216. 

Fig. 10. Agnostus Acadicus, Hartt. a, head shield. 06, pygidium. 

Mag. 3. From Div. 1 c!, St. John, N. B. Seep. 217. 1 

Fic. 11. <A. Acadieus var. declivis. a. head shield. 0b, pygidium. 

Mag. +. ce, larval pygidium showing embryonic features. Mag. 4°. d, 

adult pygidium in the rachis of which are six somites. Mag. ?. All from 

Diy. 1 d', St. Martin’s, N. B. See p. 219. 
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PLATE XVI., AGNOSTUS. 

Fie. 1. Agnostus regulus. a, head shield. b, a joint of the thorax. e, 

Pygidium. Mag. ¢. From Div. 1c?. See p. 213. 

Fig. 2. Agnostus rex Barr. var. transectus n. var. Pygidium, Mag. #. 

From Div. 1 d!, St. Martin’s. Seep. 214. 

Fic. 3. Agnostus parvifrons Linrs. var. tessella. a, head shield. 0b, thorax. 

c, pygidium, Mag. ?. From Div. 1 d', St. Martin’s, N. B. See p. 221. 

Fic. 4. Agnostus wmbo. a, head shield. b, pygidium. Mag., +. From 

Div. 1 d@', St. Martin’s N. B. See p. 222. 

Fia. 5. Agnostus obtusilobus. Mag. ?. From Diy. 1 d'. St. Martin’s 

N. B. See p. 223. 

Fig. 6. Agnostus Davidis, Hicks. Pygidium. Mag. 7. From Div. 1 d?, 

Manuel Brook, Newfoundland. See p. 225. 

Fic. 7. Agnostus gibbus, Linrs. var. partitus. Head shield. Mag. +. 

From Div. 1 c?, St. Martin’s, N. B. See p. 227. 

Fie. 8. A. gibbus var. acutilobus. Mag. ?. From Div. 1d', St. Mar- 

tin’s, N. B. See p. 227. : 

Fie. 9. Agnostus Nathorsti, Brogg, var. confluens, n. var. a, head shield. 

b, pygidium. Mag. ¢. From Div. 1 d', St. Martin’s, N. B. See p. 230. 

Fic. 10. Agnostus fissus, Lundgr. var. trifissus, n. var. Mag. ¢. From 

Div. 1 d', St. Martin’s, N. B. See p. 231. 

Fie. 11. Agnostus punctuosus, Ang. a, head shield. 0, pygidium. 

Mag. }. From Div. 1 d’, Highland Cove, Newfoundland. See p. 232. 



TRANS. N. Y. ACAD. Sct. VO: XaVe, He ECV: 







PLATE XVII., AGNOSTUS AND MICRODISCUS. 

Fic. 1. Agnostus levigatus, Dalm., var. terranovicus, n. var. a, head 

shield. 6, pygidium. Mag. 4. From Div. 1 d?, Highland Cove, New- 

foundland. See p. 233. 

Fic. 2. A. levigatus var. mammilla, n. var. a, head shield. 0b, pygidium. 

Mag. +. From Div. 1 d?, Highland Cove, Newfoundland. See p. 235. 

Fia. 3. A. levigatus var. ciceroides, n. var. a, head shield. 3, pygidium. 

Mag. +. Found with the preceding. See p 234. 

Fic. 4. Microdiscus Schucherti n. sp. a, head shield. 0, pygidium. 

Mag. +. From Olenellus limestone, Troy, N. Y. See p. 238. 

Fia. 5. Miecrodiscus Dawsoni, Hartt. a, head shield. 6, same in profile. 

c, pygidium. Mag. 7. d, young larval stage, head shield. Mag. 12. 

e, next larval stage, head shield. Mag. 1°. All from Div. 1 c!, St. John, 

N. B. Seep. 240. 

Fic. 6. Microdiscus speciosus, Ford. head shield. Mag. ?. From 

Olenellus limestone, Troy, N. Y., figured for comparison. See p. 236. 

Fia. 7. Microdiseus precursor. Head shield. Mag. ?. From Div. 1 ¢’, 

St. Martin’s, N. B. See p. 239. 

Fia. 8. Mierodiseus pulchellus Hartt. a, head shield. 6, same in profile. 

ec, pygidium. Mag. +. ad, embryonic or Protaspis stage. Mag. 4). 

e, early larval stage. jf, pygidium of same. Both Mag. 2°. All from?Div. 

1d', St. Martin’s, N. B. See p. 242. 
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EXPLANATION OF PLATE. 

Plate XVIII. Geological Maps of the Region about Brown’s Park, Utah. 
The geography is based on the map by C. A. White, in the Ninth Annual 
Report of the Director of the U. S. Geological Survey. 
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